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Tas exposed Carboniferous strata of the Leicestershire Coal-field are 
bounded on their western edge by a narrow strip of coarse current- 
bedded sandstones and conglomerates, which form the base of the 
Trias in this part of the country, and which are doubtless homo- 
taxial with the typical Bunter Conglomerate of South Staffordshire, 
Shropshire, and Cheshire. These sandstones and conglomerates 
are about 120 feet in thickness on the extreme margin of the Coal- 
field, but when traced eastward for two or three miles, by the aid 
of several small outliers, they are found to thin out rapidly, and, 
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east of a line drawn north and south through Ingleby and Measham,, 
are conformably overlapped by the Lower Keuper *. 

The Trias, throughout the greater part of the area, rests upon the 
truncated edges of Carboniferous rocks, either upon Coal-measures,. 
or, in the northern part of the district, upon Millstone Grit or 
even Yoredale Shales; there are, however, found here and there, 
intercalated between the Bunter and the Carboniferous, some thin 
beds of purple marls, breccias, and sandstones, seldom exceeding in 
agetegate thickness 30 or 40 feet, but differing remarkably, in 
lithological characters, from both the overlying and the underlying 
rocks. 

My attention was first seriously directed to these rocks during a. 
re-survey, on the six-inch scale, of a tract of country lying imme- 
diately to the east of Burton-on-Trent, and the results obtained 
induced me to make a careful examination of the beds throughout 
the Coal-field; for, although described and mapped as Permian by 
the Survey geologists, doubts have been from time to time expressed 
by various observers as to the true stratigraphical relations of these 
somewhat obscure rocks. 

About the true relation of this brecciated series to the Carboniferous 
there cannot be the slightest doubt ; for when its various members- 
are traced for a little distance along their line of strike they are 
found to repose successively on Carboniferous strata belonging to 
very different horizons. This well-marked unconformity has been 
referred to by Professor Hull in his Survey Memoir, and, so far as 
I know, only one geologist, the late Mr. W. Molyneux, F.G.S., has 
attempted to link the brecciated series with the Carboniferous 
System. 

In his ‘ Burton on Trent, its History and its Waters,’ Mr. Moly- 
neux regards these rocks as Upper Coal-measures, and correlates 
them with the breccias and clays of the upper division of the Coal- 
measures of North and certain parts of South Staffordshire. He bases. 
this opinion, in the first place, upon a fancied lithological resemblance 
between the beds of the two districts, and, secondly, upon the 
supposed fact that the breccias of the Leicestershire Coal-field do 
not appear “in any section beneath the highest known workable 
seams of coal of the Ashby Coal-field” (op. cit. p. 153). This state- 
ment certainly does not bear close examination; for besides being 
lithologically very dissimilar to the Upper Coal-measure breccias of 
the North-Staffordshire Coal-field, which are well shown in the 
neighbourhood of Stoke-on-Trent, these brecciated rocks of the Lei- 


* The disappearance of the Bunter eastwards was first noticed by Prof. Hull, 
and is mentioned at p. 61 of the Memoir on the Geology of the Leicestershire 
Coal-field. As we have not the slightest evidence of any unconformity between 
the Bunter and the Keuper in this part of the country, the thinning-out of the 
former, and its complete overlap by the Lower Keuper, can only be satis- 
factorily explained by assuming the proximity of an old coast-line of early 
Triassic times, or, if we accept the views of Prof. Bonney as to the origin of 
the Bunter, of a portion of the left bank of that great northern river which 
brought down, from beyond the Scottish border, the rounded pebbles of the 
Middle Bunter. 
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cestershire Coal-field rest with the most striking unconformity upon 
the true Coal-measures. In proof of this, I will mention the following 
facts :—At Brizlincote the breccias rest upon the “ Well” coal, 
whilst, when followed along their line of strike for a distance of only 
2000 yards further south, they are found, at the Newhall Park Col- 
liery, in contact with the Nether Main Coal, having consequently 
overlapped the Coal-measures in this short distance through a ver- 
tical thickness of 450 feet. Again, only 27 miles east of Newhall 
Park, at Swadlincote, the breccias immediately overlie almost the 
highest known coals of the district, occurring at a horizon 861 feet 
above the Main Coal. So that within a very small areathe brecciated 
series occurs in contact with Coal-measures separated from each other 
by a vertical distance of over 1300 feet, almost the entire thickness 
of the productive portion of the Coal-field. If any further proof of 
unconformity were necessary, it is afforded by the detailed sections 
to be referred to later on, and by the fact that the great Boothorpe 
fault, which traverses the Coal-field ina N.N.W. and S.S.E. direc- 
tion, whilst dislocating the Coal-measures near Woodville to the 
extent of at least 1000 feet, affects the overlying brecciated series at 
the most 20 or 30 feet. There cannot, therefore, be the slightest 
doubt that the view expressed by Professor Hull (Survey Memoir, 
p. 57) that these strata “‘do not form part of the coal-formation, but 
are of more recent origin,” is the correct one. 

On the other hand their relation to the overlying Bunter Con- 
glomerates is not at first sight quite clear. 

It has been noted that the Bunter Conglomerates do not occur east 
of a line drawn from Measham to Ingleby; the brecciated series, 
however, does occur in one or two spots east of this line, and in these 
cases is succeeded upwards by the Lower Keuper Sandstone. From 
the fact of this eastward overlap by higher beds of the Trias, Prof. 
Hull concludes (Survey Memoir, p. 58) that the breccias do not belong 
to this latter formation, and doubtfully refers them to the Permian. 

This evidence is, however, no absolute proof in itself of the ex- 
istence of a stratigraphical break, amounting to an unconformity, 
between the brecciated series and the Trias; for we must bear in 
mind that we are in close proximity to an old shore-line, which we 
know gradually receded eastward during subsidence of the old 
Carboniferous land: hence it seemed to me by no means improbable 
that the breccias might, after all, belong to the base of the Trias, and 
represent marginal deposits which swept up the sides of the gradually 
submerged land, bearing the same relation to the several divisions 
of the Trias in this part of the country as the Dolomitic Conglom- 
erate of Gloucestershire and the neighbourhood of the Mendips bears 
to that of the south-west of England *. 

This appeared to me to be an alternative and by no means impro- 
bable explanation of the facts as known until recently; but I have, 
within the last few years, been able to accumulate a mass of evidence 

* The Keuper breccias at Thringstone, on the borders of Charnwood Forest, 


are undoubtedly marginal deposits of this kind. They are composed of angular 
fragments derived from the adjacent Forest-rocks. 
BQ 
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which leaves no doubt that Professor Hull’s surmise as to the Per- 
mian age of at least some of these beds is quite correct. 

Whilst engaged in mapping the Coal-measures and overlying rocks 
on the north-western boundary of the Coal-field between Bretby 
and Gresley, I obtained many indications of the brecciated series 
cropping out at the base of the Trias. These small patches were, 
for the most part, discovered by the constant use of a small hand- 
borer, consisting of a light jointed steel rod, armed at the end with 
an auger about 2 inch in diameter. 

The surface appearances very often afford no indications of the 
existence of the breccias and their associated rocks ; but by adopting 
this method, which is easily and rapidly carried out in the field if one 
has a little assistance, I have been able to discover the existence of 
the rocks in question in many places hitherto unsuspected, and to 
delineate their boundaries with absolute accuracy on a large scale 
map. 

In tracing the beds by these means from north to south, I have 
found the intercalation of the breccias between the Trias and the 
Carboniferous so extremely uncertain, and their more or less complete 
overlap by the Bunter so frequent and abrupt, that the facts are not 
capable of being satisfactorily explained by anything short of an 
unconformity between the brecciated series and the Bunter. 

Better proof of this unconformity is afforded by certain sections 
which areto be seen on the western boundary of the visible coal- 
field, at the Newhall Park Colliery, about one mile north of Gresley 
station *. 

Here, in a railway-cutting about 150 yards in length, running 
in a direction approximately E.S.E. and W.N.W., the Nether Main 
Coal comes into view near the colliery-shaft, with an apparent 
easterly dip of 13°. The coal-seam does not quite reach the surface, 
but is cut off by a fault with a downthrow of 36 feet to the west, thus 
causing a repetition of the coal outcrop about 70 yards further west. 
At this point the Nether Coal is covered with a few feet of brightly 
coloured and strongly variegated red, yellow, and white clays, 
rapidly giving place, further west, to a bed of dull red breccia. This 
breccia consists of large and small angular and subangular frag- 
ments of rock, imbedded in a red calcareous matrix. In places it is 
consolidated, but near the surface forms a loose rubbly mass showing 
little or no signs of stratification. 

The following sketch (fig. 1) indicates the position of the beds 
on the south side of the cutting. On the opposite side of the railway 
the breccias are to be seen resting, apparently horizontally, upon an 
eroded surface of light-coloured Coal-measure clay which appears to 
dip 18° E.S.E. The line of junction of the two series of beds is 
marked by a thin band of coal-smut, the triturated remains of a 
portion of the Nether Coal which cropped out at this spot on the old 
Permian beach. 

In the underground workings of the colliery the breccias were 


* The beds here described do not appear in our one-inch Survey map. 
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struck, whilst driving a heading, at a depth of 70 ft. from the sur- 
face, and about 700 ft. south-west from the mouth of the shaft. 
This is as nearly as possible the position they ought to occupy from 
the surface indications, their true dip being 10° due 8. 

In the pit-section the breccias exactly resemble those of the sur- 


face except in colour, the 
matrix of the former being 
bluish-grey variegated with 
a little red, whilst that of 
the latter is a dull red 
throughout. This is merely 
a question of weathering, 
and the difference is ex- 
tremely well shown in the 
Swadlincote section pre- 
sently to bedescribed. The 
iron, in the freshly cut and 
unweathered surfaces, is 
mainly in the ferrous state 
and becomes oxidized on 
exposure. 

Although the Bunter Con- 
glomerates are seen to over- 
lie the breccias of Newhall 
Park afew yards south of the 
railway-section, the actual 
line of junction has not been 
laid bare. The Bunter has 
a dip of 7° to 10°S. 63° W. ; 
we consequently have the 
three series of rocks, in 
sections within a few yards 
of each other, showing the 
following angles and direc- 
tions of dip, sufficiently in- 
dicating a double unconfor- 
mity :— 

Bunter Conglomerate 7° to 

10° S. 63° W., 


(Permian) Breccias 10° 8. 
Coal-measures 15° S. 26° EH. 


In the neighbourhood of 
Swadlincote and Woodville 
two sections have recently 
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been opened out which must completely set at rest any doubts which 
may still be entertained as to the true stratigraphical position of the 


brecciated series *. 


* These breccias, which are known to the workmen as “Grout,” are not 
indicated on our one-inch Survey maps of the district. 
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The first which I shall describe occurs at the Boothorpe Sanitary 
Pipe Works at Woodville, 500 yards 8.W. of the Waterworks tower. 
The details of the section are as follows (see fig. 2) :— 


Fig. 2.—Section at Boothorpe Clay Works, Woodville. 


ft. in. ft. in. 
Beates eae. Sandstone and Conglomerate, with a 
hk Aaa few elay-partings' (¢)i.....-.2e-sfasqosse eee ee 
( Breccia—Fragments of quartzite, fine grit, 
| slate, &c., in a bluish-grey calcareous 
[ -amvatiin’ (6) Ai. tests esSeet ee ene ee eee 0 Oto3 0 
Permian, .....0.0: 
| Grey Marl with occasional seams of very 
|. ‘small pebblés:..<... ssscumeecnaee atest eee eeee 1° © 
| Red and variegated Marls (6')...........,.....- 3 0 
Coal-measures... Highly disturbed purple and grey mottled 
Clay (@)\ 0.2.3) sstaceeeat acct eee cae ean 3 0 


The Coal-measure clays at the base of this section are highly 
disturbed and exhibit a very strongly marked slickensided appear- 
ance, doubtless produced by the forces which brought about the 
great Boothorpe fault, which passes within 100 yards of this 
exposure and throws the Coal-measures to the extent of at least 
1000 ft. 

The red and grey marls and breccias, which follow in upward 
order, rest upon an uneven floor of Coal-measure clays, and dip * 
5°8., whilst the evenly bedded Bunter Sandstones and Conglomerates 
overlying them have a dip of only 4°S. In consequence of this 
the Bunter, as the northern end of the section is reached, gradually 
oversteps the truncated edges of the overlying brecciated series until 
it rests directly on the Coal-measures. 

A careful examination of the exposure renders it perfectly certain 
that the brecciated series must have been subjected to very consider- 


A short distance south of this section the beds have a regular dip to the 
E. 
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able denudation prior to the deposition of the Bunter, and that the 
phenomena cannot be explained by contemporaneous erosion. This 
section, in fact, exhibits in a very beautiful manner a double uncon- 
formity, and clearly proves that we may without doubt refer the 
series of strata to which the Breccias belong to the Permian; for 
they are not stratigraphically connected either with the Carboniferous 
or with the Trias. 

Swadlincote (fig. 3 and Pl. I.).—The stratigraphical break between 
the Permians of the Leicestershire Coal-field and the Trias is still 
more strikingly evidenced by an exposure in an open-working at 
Swadlincote, about 1 mile north-west of the section last described. 
The pit has been excavated for the purpose of procuring fire-clay, 
and is 750 yards south-east of Swadlincote Station. This is the 
exposure referred to by Mr. W.S. Gresley, F.G.S., in his paper “ On 
the Occurrence of Fossiliferous Hematite Nodules in the Permian 
Breccia of Leicestershire ”’ (‘ Midland Naturalist,’ vol. ix. 1886). 

The ridge of ground on the side of which the pit is situated is 
correctly shown on the one-inch Survey maps as an outlier of Bunter 
Conglomerate. The magnificent section is from 70 to 80 ft. 
in height, and shows about 8 ft. of horizontally bedded Bunter 
Conglomerates of the usual type of the district, resting upon about 
26 ft. of Permian beds made up of sandstones, breccias, and marls. 
The Permians, together with the underlying Coal-measure clays and 
their associated coal-seams, dip into the side of the hill at an angle of 
23°, in a direction N.50° E., so that the unconformity between the 
Trias and the underlying beds is most striking. 

That there is any great break between the Coal-measures and 
the Permian in this section is not very apparent at first sight, as 
both seem to dip at the same angle of 23°; but since the section is 
almost along the line of strike it is possible that there may be a little 
discordance of dip which is not evident in the present state of the 
excavation. The unconformity in this case is, however, indicated 
clearly by the abrupt change in the lithological characters of the 
beds and by the occurrence at the line of junction of an eroded 
and impersistent bed of hard, fine-grained, Coal-measure sandstone 
(“cank”). 

The following are details of the section as taken in July, 1886; 
but since that time the face of the excavation has been carried some 
yards further into the hill, thus exposing a considerable thickness of 
Lower Keuper Sandstones and Marls above the Bunter Conglomerate, 
besides showing a considerably greater thickness of Permian and 
rendering still more evident the distinct break between this series 
of rocks and the Coal-measures. 
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Fig. 3.—Section at Swadlincote*. 


Lower Keuper .. 
Es) ee 
6 
ae 
Z| 
a‘ 
Permian ......... % 
a 
€ 
at. Z EA 
Coal-measures . S LBAZEAAAAZAZX@ = 
a, Breccias. b. Buff-coloured Sandstones. c. Red and white marls. 
ft. in. ft. in. 
Bumter......<2<00% Soil and disturbed ground. ..............0.2006+ 4 0 
ft. in. ft. in. 4 Pebbly Conglomerate with a few thin beds 
5 Oto8 0 of eoarse'’sandstone, 222i... cote. 5 0to8 0 
( Sandstone, soft and light buff-colour ......... 4 0to0 O 
Red and Grey Clay, becoming sandy upwards. 1 6 
Sandstone, grey, tinged with red; evenly bed- 
| ded, fissile and beautifully rippleemarked. 3 3 
Sheht clay parting “2. ...3:. 6c 0 3 
Breccia; divided in middle by 13 in. clay 
dnd sand parting!) 2.05. .ccsc-c<ts <seaqaaeee 3 2 
Permian ......... | Sandstone with clay parting. Contains small 
ft. in. ft. in. { angular fragments of rock ...............20 0 8 
26 6to27 6 | Red Clay with 33 in. band of fine breccia, 
ette trom top...) ¢s.c0r.n- See ins 
Grey argillaceous Sand, with a few small 
angular pebbles passing into ............... 0 8 
Breccia with a very hard ferruginous ‘‘cank” 
stone at base. This “cank” stone is eroded 
\ and imporsistent) ....0...05..1- 6 ee 2 O0to3s 0 
( Dark purple and variegated Clays containing 
| large nodules of hematite of various de- 
procs Of QHTILY « .....-n.0nmsnan<naaanetcedeee 6 0 
Slack pyritows Shales | .........2.0..-ca0k-neaee 3 0 
RET eee nec activa sas waphnassaveukentaruse aaa eee je 
Coal-measures. { Wire Olay. coeccsecsesecococcececeen (about) 15 3 
eee remo s nse nn china ee 1 
ET TEL TI Ee er nn (about) 8 0 
IE eh appeal een can nines a 
OMLICATEE'S, = ha). es ives a aD Hen ee a = 


* Fig. 3 represents this section as it appeared in 1887 ; and Plate I. is a repro- 
duction of a photograph taken in the same open working in the spring of 1888. 
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About 500 yards east of the section last described is another 
exposure of the Permians and overlying Bunter. It occurs in an old 
brickyard by the roadside, opposite Sharpswood Farm. The details 
are as follows :— 


Section in Brickyard near Sharpswood Farm. 


ft. in. ft. in. 
BUNGOM, sc5:0isese0 Sandy Clays and coarse Sandstone............ 2 Oto3 0 
ft. in. ft. in. +4 Conglomerate (quartzose) with clay galls, in 
3 5to4 5 Dart current -bed Ged va nesssneddeeeeseae seca: 
/ Grey areilaccous sander. cc./sieearecess sso 0 8 
imnGuratedbved Wich ceseevacese en cnetecete teresa 1 5 
Hime BEECCIa Wiese daseckrstoddeotosancoemeostetcees 0 3 
Permian, 60). <2. | Red and arreeates Marl with sandy streak 
ft: in, TIOALUE SDs INS aistic au ohaysctd Couge mame econ ee hue 7 
22 10 Breccia eh a thin argillaceous parting ... 3 11 
| Red and variegated Clays with thin bands 
of fine whitish sandstone .................000. 12 0 (about) 
eBreetia Oak eayoNbies vida sietinleloas acta ala bl ofalelsioal sis clone 3 0 (about) 


The above section is the one referred to at page 59 of the Survey 
Memoir on the Leicestershire Coal-field. The upper portion is there 
correctly referred to the base of the New Red Sandstone, but Pro- 
fessor Hull was disposed to look upon the Marls and Breccias as 
Upper Coal-measures. On a later visit to the spot in company 
with Sir A. Ramsay and the late Rev. W. H. Coleman he came 
to the conclusion that they must be referred to a newer date, but 
whether to the Permian or Trias was left uncertain. They were, 
however, mapped as Permian, and as the beds in question are 
undoubtedly a lateral extension of those of the Swadlincote open- 
work, a few hundred yards to the west, we now know this classifi- 
cation to be correct. 

In the recent sinking of a shallow well in this brickyard the 
thickness of the Permian has been proved to be about the same as 
that of Swadlincote, but the Coal-measures upon which the newer 
rocks lie in the two sections are of an entirely different character. 
At Swadlincote they are purple and variegated clays, followed in 
downward succession by pyritous shales with Coal-seams; whilst in 
the brickyard the Coal-measures, consisting of hard, grey and blue 
“bind,” with plant-remains, belong to a very much lower horizon. 
This is accounted for by the fact that the Boothorpe Fault passes 
between the two exposures, a great line of fracture which throws the 
Coal-measures down on the west to the extent of at least 1000 feet, 
whilst it scarcely affects the overlying rocks of later age *. 


* Besides the great Post-Carboniferous and Pre-Permian movement along 
this fault, we have evidence of at least two minor dislocations occurring along 
the same line, the one of Post-Permian and Pre-Triassic age and the other 
Post-Triassic. The evidence for the first of these is to be found in the disturbed 
state of the Permians at the Swadlincote open-work, where they are found dip- 
ping towards the fault at a high angle, whilst the Bunter Conglomerates lie in 
a perfectly undisturbed state across their basset edges. 

_ The Post-Triassic movement along the same line is clearly shown at the 
Boothorpe Clay Works, where the Permian and Trias are both thrown to the 
extent of from 20 to 30 feet. 
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Before describing more minutely the lithological characters of the 
beds occurring in the three sections just referred to, it will be necessary 
briefly to call attention to the other localities within the area of the 
Coal-field in which the Permian beds either crop out at the surface, 
or have been penetrated in colliery-sinkings. 

At the Boothorpe Clay Works the Permian rocks, with the over- 
lying Bunter Conglomerate, have been thrown out by the Boothorpe 
Fault, on the east side of which we find Coal-measures again 
brought to the surface for a distance of about half a mile. At 
the Blackfordby Mine we are on the western edge of a large 
outlier of New Red Sandstone, which occupies the centre of the 
coal-field ; and we find, exposed in the shaft of the mine, a few feet 
of Permian breccias and marls similar in character to those occur- 
ring at the Boothorpe Clay Works; whilst in the Waterworks well, 
about 7 mile N.N.W., thin representatives of the same beds have 
been found*. At this point the Bunter Conglomerate, which thins 
out rapidly eastward, is only a few feet thick, and a little further to the 
south-east, at the village of Blackfordby, it has completely died out, 
and we find the Lower Keuper resting directly on the Coal-measures. 

On tracing the margin of the central outlier of New Red Sand- 
stone from this point nearly to Ashby, making frequent use of the 
boring-rod, I have failed to discover any traces of the Permian beds 
beneath the Lower Keuper. 

Ashby.—At p. 60 of the Survey Memoir reference is made to a 
small exposure of sandstone and marls in the railway-cutting on the 
west side of Ashby Station. Although mapped as Trias, the age of 
these beds was considered doubtful by the geologists of the Survey. 
The slopes of the cutting are now much obscured by vegetation; but 
by repeated trial-borings in the banks the beds in question were at 
last discovered, 330 yds. west of the railway goods-shed. They consist 
of 2 or 3 feet of sandstone, resting on purple marls, which in turn 
are succeeded downwards by Coal-measure clays. The sandstone is 
of a distinctly Lower Keuper type, and does not resemble in any of 
its characteristics the true Permian sandstones of the district. The 
underlying marls, which are of a bright purple colour, are only 
about 18 inches thick. That they belong to the Permian series is 
rendered probable both by their colour and by the fact that hematite 
nodules have been observed in them. Such fragments of hematite 
are of frequent occurrence in the Permians; but, so far as I know, 
they never occur in the Triassic marls of the neighbourhood. 

Packington.—There are at the village of Packington three small 
exposures of unconsolidated breccia in a red marly matrix. One of 
these is opposite the Bull’s Head Inn; the second by the roadside 
160 yds. north of this point, and the third in a brook-course 160 yds. 
south-east of the inn. These are the most easterly exposures of the 
Permian beds which occur within the area of the Leicestershire 


* The marls and breccias indicated in fig. 5, p. 35, of the Survey Memoir, 
as occurring at the outcrop of the Ten-foot Coal at Blackfordby doubtless belong 
to the Permian and not to the New Red, as there stated. This particular section 
is, however, now obliterated. 
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Coal-field. I have been able to ascertain by a series of borings at 
various points that they are correctly delineated on the Survey Map 
as being overlain by Lower Keuper, and not by Bunter, as is the case 
further to the west. 

Measham Frelds.—A large outcrop of Permian breccia, nearly 
1 mile by # mile, is marked in the Survey Map as occurring here. 
There are no actual exposures of the rock visible at the present time, 
but I have confirmed the existence of the breccia by a number of 
borings. The area of this outcrop of Permian is, however, much 
smaller than appears on the Survey map, where it is shown to extend 
too far to the north. I have found also that on its western edge it 
is overlain by coarse pebbly sandstone of the Bunter, and not 
immediately by Lower Keuper. 

Measham.—In an old quarry by the side of the canal, 300 yds. 
west of the church, is a fine section of the breccia, which is unevenly 
bedded and highly consolidated. The total thickness exposed is 
about 13 feet, and the apparent dip 5° W. 30° S. 

In a well in Hincks’s Close, 320 yds. east of the church, occurs the 
following section :— 


ft. in 

ING) QE AES Sa tee Attn GReOtiod on aeetor meaner eee orcas 9 0 

MoOmee IKeuper SAUUStONG. wasmecsacdcee css teceses esses 4 0 
Cleny es Paclineg = ie errs eecee tee ntce a few inches. 

CREB HB (PESEC OCIA A: Sco 4. Ao o a sactie oecise Sula a sees Uday Meubacede eee 3 0 
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Blue Coal-measure Clay. 


Oakthorpe.—The canal has here been cut through a consolidated 
breccia exactly similar to that of Measham, and the rock has been 
used in the construction of the wall which bounds the towing-path. 
Here again I have found the outcrop of the Permian beds less 
extensive than the Survey map would lead us to expect. 

Indications of an unconsolidated breccia are to be found on the 
east side of the railway-cutting, between Oakthorpe and Donisthorpe, 
at a point 25 yds. north of the bridge which spans the railway at Hall 
Farm. 

Overseal.—On following the western edge of the visible Coal-field 
northward from Overseal, frequent indications of the existence of 
thin brecciated-beds are met with, resting immediately on the Coal- 
measures. 

Gresley.—Just north of the Castle Hill at Gresley the junction of 
the breccias and overlying Bunter was visible a few years ago in a 
sand-pit. This section, which is now obscured, exhibited very clearly 
the stratigraphical break between the two series of rocks. 

Between Gresley Station and Bretby I have found seven small 
outcrops of Permian, which I have laid down with exactness on the 
six-inch map, their boundaries having been determined with the 
boring-rod. The thickness of the beds varies from one or two to 
20 feet *. 

* The boundary of the Coal-field from a little south of Brizlincote Hall to Oldi- 


cote Farm is represented on the Survey map as a fault, which apparently cuts 
out the Bunter Conglomerate and lets down the Lower Keuper against the Ooal- 
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Lrnion.— Outside the western edge of the visible coal-field we have 
three localities in which the Permians have been observed. At the 
village of Linton, about one mile south-west of Gresley Station, the 
breccias crop out at the surface as shown in the one-inch map; and 
a few years ago there was exposed a section which is figured at p. 59 
of the Survey Memoir. This section is now obliterated, but traces 
of the breccias of the usual Permian type can still be seen in the 
private road of the Manor House. The late Rev. W. H. Coleman, 
in his ‘Outlines of the Geology of Leicestershire,’ p. 23, states that 
in a well at Linton 42 ft. 6 in. of Permian were found overlying the 
Coal-measures. 

Netherseal Colliery.—At the Netherseal Colliery *, 13 mile west of 
Overseal, the Trias was found to be 213 feet thick (the Lower Keuper 
75 ft. and the Bunter 138 ft.), and between this and the Coal-measures 
the records of the sinking note the existence of a series of grey 
sandstones with soft blue partings, and a bed of red marl at the 
base 7 ft. 10 in. in thickness. The total thickness of these beds, 
which from their description I have no hesitation in referring to the 
Permian, is 37 ft. 6 in.; this is in excess of anything I have found 
further to the east. 

Coton Park Colliery.—At the Coton Park Colliery, # mile west of 
Gresley Station, about 7 ft. 9 in. of reddish breccia were passed 
through. This rested upon about 14 ft. of purple marls, which, 
from the description given to me by Mr. Gresley, I should class 
as Coal-measures. Mr. Molyneux, at p. 157 of his ‘ History of 
Burton-on-Trent,’ describes the rocks immediately below the Trias 
at this point as consisting of 90 ft. of “grits and red and mottled 
clays (containing Stigmaria and other plant-remains), intersected by 
breccias resembling those of the Leather Mill section” (Hartshorn 
Brook). The breccias certainly do not intersect the grits and mottled 
clays, but overlie them f. 


measures. This interpretation cannot, however, be the correct one, as I have 
found, on carefully following the line of junction of the Trias and Coal-measures- 
with the boring-rod, that it is so sinuous as utterly to forbid the idea of its being 
a line of fault. Moreover, a very thin outercp of Permian occurs 300 yds. west 
of Geary House, intercalated between the Lower Keuper and the Coal-measures. 
The underground workings in the adjoining collieries also agree with the surface- 
indications, and prove the unbroken continuity of the Coal-measures between 
the Bretby Collieries and the disused Anglesea Pit, south of Moat Bank. 

The absence of the Bunter here is consequently not due to the faulting, but 
to an overlap of Lower Keuper. We have indications, however, both to the 
east and to the west, of the occurrence of Bunter Conglomerate, in the latter case 
in sinkings, and in the former in the small outlier of Conglomerate resting on 
the Coal-measures at Bretby Colliery. Consequently we have a small area 
near Brizlincote Hall which cannot have been submerged in Triassic times until 
a period later than the deposition of the Bunter. This small patch of Car- 
boniferous land must either have been a promontory stretching westward from 
the mainland, or, what is more likely, a small island close to the shore, which 
did not become completely submerged until after the deposition of the greater 
part of the Lower Keuper Sandstones of the neighbourhood. 

* IT am indebted to Mr. E. Hague for this information. 

t The section given at p. 261 of Mr. Molyneux’s work, which is headed 
“Section of Strata passed through at the Coton Park Colliery,” evidently refers 
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A little west of the Decoy Wood at Bretby occurs a fault running 
‘in a south south-easterly direction, with a downthrow to the east, and 
bringing down the Triassic rocks against the Coal-measures, thus 
forming the boundary of the Coal-field for the distance of about a 
mile. This is the Moira Main Fault, which has been proved between 
Newhall and Bretby to throw the Coal-measures to the extent of 
240 ft. Like all the other great lines of fracture of this district 
which run in a direction approximately N.N.W. and S.S.E., the 
principal movement occurred in Pre-Permian times ; but considerable 
movement has also taken place along this particular fault in Post- 
Triassic times, and has resulted in the natural boundary of the Trias 
and Coal-measures being moved considerably to the south-east, the 
general direction of dip of the upper measures being about N.W. 

Hartshorn.—About one mile north-west of the village of Hartshorn 
the junction of the Trias and Coal-measures is again one of ordinary 
superposition, and the Survey map indicates the existence of a 
V-shaped patch of Permian of considerable extent, skirting the base 
of the Conglomerate hills, and stretching from Ley Wood Hill on 
the west, and Caulkley Wood on the east, with the point of the V 
extending down the valley of the Hartshorn brook as far as Bretby 
Mill. The Survey Memoir (p. 58) refers to these exposures as con- 
sisting of loose breccias and marls, but states that “‘not much faith 
is to be put in the Permian age of these beds.” Mr. Molyneux, in 
his ‘History of Burton-on-Trent,’ p. 153, gives a very confused 
account of both their appearance and stratigraphical position; and 
whilst referring them to Upper Coal-measures, describes as Permian 
certain overlying sandstones which are undoubtedly Triassic. My 
own observations in this locality are as follows :— 

At Glover’s Mill the Bunter Conglomerate of Moxon’s Hill rests 
directly upon Coal-measures, as was proved by running a line of 
borings down the eastern slope of the hill towards the brook; but 
on following the line of junction northwards for about 250 yds. a 
bed of purple marl was found insinuating itself as a wedge-shaped 
outcrop between the Bunter and the Carboniferous. A little further 
north, at Hoofies Wood, this bed of marl has gradually thickened to 
about 20 ft., and is well exposed in a small marl-pit on the eastern 
side of the wood, near the little bridge. Here are seen from 12 to 
15 ft. of deep purple marls, with some light-yellow, sandy bands of 
from 14 to 2 inches in thickness. About the middle of the section 
is a thin bed of consolidated breccia of from 8 to 9 inches. 

A few hundred yards further down the brook, about 30 yds. south- 
west of Bugley Cottage, there can be seen, in the banks, unconsolidated 
breccias and red and variegated clays overlying Coal-measure shales. 

These beds of the Hartshorn brook, both from their stratigraphical 
position and their lithological characters, may with the greatest 


to the sinking which is now known as the “ Netherseal Colliery,” and which 
originally was named the “ Coton Park,” and afterwards the ‘‘ West Moira” pit. 
Here, again, beds which we now know to be Permian have been classed erroneously 
with the Coal-measures. 
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certainty be correlated with the Permians of other parts of the Coal- 
field. Their northerly extension cannot, however, be traced further 
down the brook-course than Bugley Cottage, where the Conglo- 
merates again rest directly on the Coal-measures. 

Following the sweep of the Bunter hills round Caulkley Wood, 
there are again found traces of red marls overlying the Coal-measures 
on the south-east side of the wood, and ata small spring in the 
southern angle of the enclosure are indications of red marls associated 
with a few thin beds of a very soft, buff-coloured sandstone, exactly 
similar to the highly characteristic Permian sandstone of the 
Swadlincote open-work section. 

A little east of Caulkley Wood the Millstone Grit rises from beneath 
the Lower Coal-measures of the northern parts of the Coal-field, and 
from Brick House to Knowle Hills the boundary between the Bunter 
Conglomerate and the Grit is represented on the Survey map as a 
fault, having a general direction N.N.E. A careful and prolonged 
study of this part of the district has convinced me that the supposed 
fault has no existence. 

From Caulkley Wood to the south side of Gravel-pit Hill the Bunter 
was proved by boring to rest directly on Coal-measures. A little 
south of Brick House the Bunter sweeps round the hill to the north, 
and at this point red Permian Marls with light sandy seams appear 
at its base, and gradually thicken northward, until, under Bond- 
wood Farm, on the slopes overlooking Repton Rocks, they attain a 
thickness of about 60 feet. There are no exposures of these beds, 
but I have satisfied myself, by borings conducted at very short inter- 
vals down the slopes, that they do not contain any brecciated bands, 
whilst at the same time they resemble in every other particular the 
Permian Marls further south. Perhaps no other part of the Coal- 
field, where actual exposures are absent, affords better evidence 
than this of the enormous stratigraphical break between the Permian 
and Carboniferous; for the Marls, which are in contact with Coal- 
measures at Gravel-pit Hill, are found a few hnndred yards to the 
north resting upon Millstone Grit, the strike of one set of beds 
being almost at right angles to that of the other. 

Repton Rocks.—The natural excavation in the Millstone Grit, 
known as Repton Rocks or Dawson’s Rocks, forms a cul-de-sac, at 
the head of a deep little valley, cut out by a small stream which 
takes its course northwards into the Trent. The Grit is lost sight of 
near a narrow opening at the north end of the cul-de-sac, the valley 
lower down being excavated in the Bunter Conglomerate. It is 
through this point that the supposed fault of the Survey map passes ; 
but since I have found Trias and Permian mantling round the north- 
ern extension of the Millstone-Grit outcrop, and occupying ground 
which cought to consist of Grit, it is very evident that no such 
fault exists. 

Milton.—The small stream which runs northward from Repton 
Rocks to Milton is fed by strong springs issuing from the base of 
Bunter Conglomerate, which appears to have been cut through 
almost to the underlying rocks. At one spot in the valley, near a 
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small barn, 170 yards south of the fish-pond under Little Orange Hill, 
the old floor of the Trias has been laid bare in a small excavation 
made for the purpose of obtaining clay. It consists of Millstone 
Grit *, and between it and the Bunter are to be seen traces of 
purple and white variegated clay, with a little soft greenish sandstone 
resembling that of Caulkley Hill. The beds are not more than 18 
inches thick, but are sufficiently developed to be recognizable as 
attenuated representatives of the Permian marls which occur, 60 feet 
thick, about a mile further south. 

Sweeping round the northern and eastern sides of Repton Rocks 
the boundary of the Trias and Carboniferous bends once more 
northwards and passing near Foremark Park reaches as far to 
the east as Ticknall church, thus encroaching for a distance of 
about half a mile into the area coloured on the Survey map as 
Millstone Grit and Carboniferous Limestone Shalev. Owing to a 
covering of drift along part of this line, it is difficult to conduct 
boring-operations with success; but, so far as I have been able to 
ascertain, the Trias rests directly on the Carboniferous rocks. 

Ingleby and Knowle Hills—Between the village of Ingleby and 
Knowle Hills lies a small tract of country, the structure of which 
appears to have been very erroneously interpreted by the geologists 
of the Survey. At p.58 of the Survey Memoir we find the following 
description of this part :—“A small district composed of red-coloured 
strata extends from the village of Ingleby to the Knowl Hills, 
near Foremark Park. A line of cliffs formed of the light-coloured 
sandstone and conglomerate of the New Red formation rises above 
the alluvial plain of the Trent, and at Ingleby red marls, streaked 
with bands of white, may be seen cropping out from underneath 
these sandstone cliffs. We can trace these marls for some distance 
eastward, but at Knowl Hills, some beds of sandstone, differing con- 
siderably in mineral characters from those of the Trias, are found 
to intervene between these latter and the red marls. It would, 
therefore, appear that between this locality and Ingleby the New 
Red Sandstone had overlapped unconformably the red sandstones 
which form the Knowl Hills; from which circumstance, taken in 
conjunction with their lithological character, it is probable that the 
latter are of Permian date.” 

In accordance with this description, we find that the patch of Coal- 
measures to the east of Ingleby is indicated as not being overlain 
directly by the Bunter, but that between these two series of rocks 
there is a narrow strip of Permian running southward from Ingleby 
to a little beyond Knowle Hills, and that at Coppy Hill this strip 
suddenly widens out toa breadth of nearly half a mile. 

The rocks of Knowle Hills are further described as consisting of 


* Both here and at Repton Rocks we have strong indications of the uneven 
and eroded nature of the old Carboniferous floor upon which the Permian and 
Triassic sediments were deposited. 

t On a careful re-survey of the Trias in this part of the country it will be 
found that considerable tracts which have been mapped as Bunter Conglomerate 
should have been included with the Lower Keuper. 
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“‘ fine-grained red and brown sandstones regularly bedded, containing 
no pebbles, and occasionally parted by seams of marl.” 

Suspicions were aroused in my mind as to the true Permian age of 
these Knowle-Hills sandstones on my earliest acquaintance with 
them ; for whilst they are described in the Memoir as differing in 
general appearance from the sandstones of the Trias, I found, as a 
matter of fact, that it was absolutely impossible to distinguish them 
lithologically from certain Triassic sandstones which I discovered in 
the immediate neighbourhood actually overlying the Bunter Con- 
glomerate. The difficulty in the way of regarding these sandstones 
as Permian was much increased as I became more intimately 
acquainted with the true Permian of the whole district ; and it is 
evident, if Professor Hull’s view of their age is correct, that we must 
make the assumption that beds which present certain uniform 
characters throughout the whole area of the coal-field, and for many 
miles to the south, suddenly, and without any apparent transition, 
entirely change their facies within a distance of less than two miles. 
Although this assumption seemed an improbable one to make, nothing 
short of a careful re-survey of the neighbourhood could settle the 
matter beyond all doubt. This I have now accomplished, with the 
result indicated in the accompanying map (fig. 4), which has been 
reduced from one on the six-inch scale. 

There are a considerable number of natural exposures within the 
area, but the information obtained from them was supplemented by 
numerous borings, which enable me to claim a degree of accuracy 
for the map which would have been otherwise unattainable. 

It will be seen, from the map and section, that the area including 
Knowle Hill and Coppy Hill, within which occur the so-called Per- 
mian sandstones, really consists of an outcrop of Lower Keuper 
overlying Bunter Conglomerate, and that the beds owe their present 
position to the existence of a trough-fault, which has let them down 
on the east against Coal-measures and Permian Marls, and on the 
south-west against the last-mentioned beds and Bunter Conglomerate. 

The intersection of the two arms of the trough-fault is at the 
south end of Robin Wood, one of them running thence towards 
Ingleby, whilst the other passes in a north-westerly direction through | 
Seven Spouts. Until the existence of these faults was proved, it 
was natural to suppose that the Knowle-Hills sandstones underlay 
the Conglomerates, and consequently it was fair to assume that they 
might be Permian. We now know that they belong to a higher 
horizon *. 

The red marls which occur below the Bunter Conglomerate at 
Ingleby, and also those of Gorsty Leys, have all the characters of the 
Permian Marls of the Repton-Rocks district further south, and they 
are doubtless an extension of the same beds. They contain no 
brecciated bands +. 


* Onthe slopes south of Ingleby Hills, during the progress of some excava- 
tions for water-pipes, I found sandstones similar to those of Knowle Hills over- 
lying the Bunter Conglomerate. 

+ The small patch of Coal-measures in this district consists of clays and 
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Fig. 4.—Map of the Ingleby and Knowle-Hill District. 


(Re-surveyed on the six-inch scale and reduced one half.) 
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Moira and Boothorpe Girit.—We have now to consider the strati- 
graphical position of two small patches of sandstone which occur near 
the centre of the western portion of the Coal-field. These are the: 
so-called Moira and Boothorpe Grits, the true age of which has 
never been satisfactorily determined. The late Rev. W. H. Coleman, 
an exceedingly accurate observer and sound geologist, states, in his 
‘Outline of the Geology of Leicestershire,’ p. 25, that whilst the 
rocks may possibly be referred to the base of the Permian, he is. 
more inclined to look upon them as Upper Coal-measures, unconform- 
able to the lower beds; this view was adopted in the Survey 
Memoir, the balance of evidence being considered to be in its favour. 
Notwithstanding this statement, however, the two outcrops of grit 
are coloured in the one-inch map as Permian, but are omitted from 
the smaller map attached to the Memoir. 

There is a small exposure of these sandstones about 860 yards east. 
of Moira Station. They here consist of fissile grits, interstratified 
with some sandy beds of impure hematite containing impressions of 
Sternbergia. About 250 yards further north, in an old quarry between 
the last-mentioned spot and Norris Hill Lodge, the grits are again 
exposed, associated with sandy clays. They are in part very coarse 
and felspathic, and much resemble some of the Millstone Grits of the 
district. North of this point I have been unable to find, by careful. 
boring, any indications of these grits for some considerable distance, 
although the Survey map represents them as extending more than 
half a mile further to the north. At the little hamlet of Boothorpe,. 
however, there is, in an old disused lane, an exposure of massive 
grits, in parts stained a reddish-purple colour, and evidently belonging 
approximately to the same horizon as those of Moira further to the 
south. These Boothorpe Grits occur in a very favourable spot for a 
determination of their true stratigraphical position, since they crop 
out immediately to the west of a Triassic outlier whose exact nature 
and boundaries I have accurately ascertained. 

This outlier is represented in the Survey map as a narrow strip 
of Bunter Conglomerate, extending from a little south of Woodville 
for adistance of 14 mile in a south-south-east direction, and bounded. 
both to the east and west by faults. 

From the accompanying map (fig. 5) it will be seen that, whilst its 
southerly extension is not so great as has been imagined, the Lower 
Keuper as wellas the Bunter Conglomerate are represented in this nar— 
row outlier. The Triassic beds dip E.N.E. about 6°, and are on the 
east brought down against Coal-measures by secondary movements in 
the Boothorpe fault, whilst on the west they rest on Coal-measures, 
with the intercalation, for a short distance, of a narrow strip of 


sandstones belonging to the Lower Coal-measures. Reasons have been given 
for doubting the existence further south of the extensive fault which, according’ 
to the one-inch Survey map, forms the boundary of these Coal-measures and 
the Millstone Grit on the east. I cannot find any distinct evidence of the 
existence of a fault between these two subdivisions of the Carboniferous in the 
Ingleby district. 
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Permian breccia, which is the southerly prolongation of the outcrop 
occurring at the Boothorpe Clay Works, described in detail earlier in 
this paper. This narrow Permian outcrop can be traced within a few 
hundred yards of the Boothorpe Grits, but the dip of the two sets of 
beds is almost diametrically opposite, that of the grits being 12° to 
15° N.W., whilst the Permians and Trias dip 6° E.N.E. More- 
over be ween the western edge of the Triassic outlier and the 
Boothorpe Grits are bluish clays of the ordinary Coal-measure 
type. 

oo facts, taken together, absolutely negative the idea of the 
Boothorpe and Moira Grits being of Permian age: there can be no 
doubt that they belong to the Coal-measures, but I have failed 


Fig. 5.—Map of country around Boothorpe. 
(Re-surveyed on the six-inch scale and reduced one half.) 
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to discover any evidence of their unconformity to the underlying 
beds. It is, I believe, their anomalous red colour in the neigh- 
bourhood of Boothorpe, a colour unusual in Coal-measures, which 


has led some observers to suspect these grits to be of Permian 
. c2 
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age; but this staining can readily be accounted for by the fact 
that they must have originally been directly overlain by true 
Permian breccias from which the iron-staining has been derived by 
weathering and percolation of water *. 

The position of the Boothorpe and Moira Grits makes if almost 
certain that they belong to the highest known Coal-measures of 
the Ashby Coal-field, but nevertheless I am not disposed to regard 
them as Upper Coal-measures. We have, as we shall see later on, 
the strongest possible evidence that the Coal-measures of the Leicester- 
shire and North Warwickshire districts belong to the same area of 
deposition, and that the true Upper Coal-measures of Warwickshire, 
with their associated Spzrorbis Limestone, which has been traced over 
an area of about 10,000 square miles, must at one time have spread 
completely over the Leicestershire Coal-field. All traces of these 
beds must have been denuded in the Leicestershire district prior to the 
deposition of the Permian, leaving as the highest surviving repre- 
sentatives the Boothorpe and Moira Grits, which I have found to 
resemble very closely certain grits of the North Warwickshire area, 
occurring above the “ four-foot coal” at Polesworth. 

Windmill Spinney.—There only now remains for consideration a 
small patch of so-called Upper Coal-measures, which is coloured red 
on the Survey map, and covers a small area occupied by the rising 
ground of Windmill Spinney, about 2 mile north-west of Newhall 
church. From the occurrence of certain fragments of coarse grit, 
resembling Millstone Grit, on the summit of this hill, it was con- 
sidered by the geologists of the Survey (Survey Memoir, p. 56) to 
be an outlier of sandstone resting horizontally, and hence uncon- 
formably, upon the inclined Coal-measures below. These sandstones 
were regarded as being identical with the Moira and Boothorpe 
Grits described above. A careful examination of the spot has failed 
to confirm these conclusions; for whilst the boring-rod proved the 
summit of the ridge to consist of the ordinary sandy clays and 
shales of the Middle Coal-measures, further evidence of a like 
character has been recently afforded by a heading driven into the 
side of the hill. Itis perfectly true that fragments of coarse grit 
are to be found on the hill; but these, I have ascertained, are in no 
way an index of the underlying rock, but are merely the fragments 
of the millstones from a long-dismantled windmill which once crowned 
the summit of the ridge. I have called attention to this erroneous 
observation more fully than I should otherwise have done, since I 
believe it has been the principal cause of the equally erroneous view 
that the Moira and Boothorpe Grits are unconformable to the main 
mass of the Coal-measures; for if these grits had really occurred 
on Windmill Spinney Hill, as stated, their unconformity would have 
been beyond all doubt, as in this spot they would have been almost 


* Professor Lebour (Geolog. Assoc. Proc. ix. p. 569) mentions the staining 
of the Coal-measures of some parts of Northumberland by the overlying Per- 
mians having led to the erroneous belief at one time that the former represented 
the Rothtodtliegende. 
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in contact with the Main Coal, whilst at Boothorpe we know they 
overlie strata belonging to a very much higher horizon in the Coal- 
measures. 


(2) LirmoLocicaL CHARACTERS OF THE Beps. 


Throughout the whole of the district we are describing, the Per- 
mian beds maintain certain well-marked lithological characters, 
which, apart from any consideration as to the stratigraphical position 
of the series, are sufficient to differentiate them with certainty from 
both the Trias and the Carboniferous. At their outcrop they gener- 
ally yield a subsoil of deep red or purple clay, sometimes sandy, and 
containing more or less of brecciated fragments *. When observed 
in freshly cut sections, such as those described above (pp. 6 & 8) as 
occurring at Swadlincote and the Boothorpe Clay Works, it is seen 
that the red and purple clays, which are associated, as a rule, with 
thin white sandy bands and several beds of breccia, occur at the base 
of the series. The red clays are much more purple in colour and more 
homogeneous in character than the marls of the Lower Keuper, and 
are of a decidedly different shade of colour from the marls of the 
Upper Keuper. The Permian marls with their breccias are, at 
Swadlincote, followed upwards by a few feet of evenly bedded, fine- 
grained sandstones, which are fissile and often beautifully ripple- 
marked. These sandstones are of a light buff colour, as a rule, very 
soft, and contain numerous specks of a blackish mineral. They are 
very unlike the sandstones found on any other geological horizon in 
the district. 

The principal interest, however, centres in the brecciated bands, 
which, it will be seen, have yielded a large amount of information 
throwing light upon the physical changes attending the deposition 
of the whole series. 

The brecciated bands are rarely more than 3 feet in thickness, and 
contain fragments of a great variety of rock, all comparatively little 
water-worn, and varying in size from that of a pea to 5 or 6 inches 
across. Occasionally still larger fragments occur; but as a rule 
they do not measure more than 13 to 2 inches along their greatest 
dimensions. 

These angular pieces of rock are imbedded in a bluish-grey matrix 
of calcareous sand, which varies very much in hardness. Sometimes, 
as at Measham and Oakthorpe, it forms, with the enclosed fragments, 
a rock of a considerable degree of hardness, whilst at other places, 
as Newhall Park Colliery, Swadlincote, &c., it is only in part con- 
solidated, and readily breaks down under the action of the weather. 


* The red marly soil at the outcrop of the Permians is of a very rich and 
fertile character, and affords in this respect a great contrast to the very light, 
sandy, and pebbly soil of the Bunter, and to the cold, heavy soil of the under- 
lying Coal-measure clays. The Permian marls are in some localities used 
for “dressing” the sandy soils of the Bunter, which are so light as occasionally 
to be completely denuded by the action of the wind. 
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The following is an analysis of the calcareous portion of the matrix 
from a specimen from Newhall Park * :— 


Calemmin canvonaie” ...0.). saree oe eee oes ae 8°51 
Mame Sia CALDOUADE £6. x 5.0.5 as ae oe lee 5°04 
Hydrated ferrous oxide (FeH,O,) .......... 3°57 
Ferric oxide (Fe,0,) ....-.....-e eee eeee, 83 
Silica, soluble in dilate HCl. bene 1-12 
Insoluble PORIGUE: | os coe 0 =e Sse ee ee 80°93 

100-00 


The ferrous salt of the matrix on exposure is oxidized to ferric 
hydrate, thus causing the whole rock to assume a deep red colour, 
which stains the exterior of the brecciated fragments. 

When a bed of breccia is traced for a short distance horizontally 
it is never found to be very persistent, but dovetails into sandy and 
marly beds, just as do many of the beds of breccia in the fine sections at 
the base of the Trias on the south coast of Devonshire. But although 
individual beds may die out quickly, their places are taken by other 
brecciated bands on the same or slightly different horizons; so that 
the breccia, as a distinct feature in the Permian rocks, may be traced 
over a considerable portion of the coal-field. There is, however, 
most undoubtedly a general tendency, when the Permians are traced 
within the above area from south to north, for the more brecciated 
members of the series to die out northward, whilst the marly portions 
for the most part thicken in that direction. At Packington, for in- 
stance, the breccias are well developed and the fragments are large 
and angular; whilst four miles to the north-north-west, at Swadlin- 
cote, the brecciated bands are thinner and the included fragments 
somewhat less angular; and about two miles still further to the north, 
near the Hartshorn brook, we find but very meagre representatives of 
the breccias, whilst at Repton Rocks, but a mile and a half north-east 
of this latter spot, the breccias are entirely absent. On the other 
hand, the marls, of which at Swadlincote there are only 15 feet, at 
Repton Rocks have thickened out to from 60 to 70 feet. The great 
importance of these facts will be evident when we come to consider 
the origin of the sediment which makes up the Permian rocks of the 
district under consideration. 


(3) Tue Rock-FRAGMENTS OF THE BRECCIAS. 


The accounts hitherto published of the rock-fragments contained 
in the Permian breccias of the Leicestershire Coal-field are very 
incomplete. The Rev. W. H. Coleman, in his ‘Outlines of the 
Geology of Leicestershire’ (p. 26), states “that they consist of 
Silurian and Carboniferous rocks, associated with pebbles of basalt 
and other Trappean rocks, all of which appear to have travelled from 
the W., for no fragments referable to the Charnwood rocks are to 
be found among them.” In the Survey Memoir (p. 59) they are 


* I am indebted to Mr. J. G. Wells for this analysis. 
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described as consisting of “ light green and indurated slate, grits of 
various colours and textures, dark brown and purple sandstones, 
often micaceous ; chert, felspar, trap (?), and quartz.” At Packington 
the breccia is stated to be principally composed of slate. 

More recently Mr. W.S. Gresley, F.G.S., has published (Proc. Geol. 
Soe. 1884-85, p. 96, and ‘ Midland Naturalist,’ vol. ix.) a very com- 
plete account of certain hematite nodules which occur in the breccias 
of some localities in the district; and he briefly refers to the other 
fragments associated with the hematite as consisting of sandstones 
of various colours, vein-quartz enclosing greenish slate, quartzite 
boulders and pebbles, pudding-stone, granitic rocks, red and green 
clay-slate, igneous rocks, coarse jasper, hornstone, chert, lumps of 
siliceous and of red, earthy, cone-in-cone formation, and pebbles of 
indurated clay and slaty rocks. 

Professor Bonney examined Mr. Gresley’s specimens and gave 
an account of their microscopical characters in his Presidential Ad- 
dress to Section C of the British Association in 1886. A few of 
the specimens were found to be distinctly referable to the Charnwood 
series; but the one which is most fully described is a hard con- 
glomerate, doubtless the “pudding-stone” of Mr. Gresley, which 
Prof. Bonney considers to be made up of material in part originally 
derived from the Charnwood series, and in part from volcanic vents 
of a later age and unknown locality. 

The unsatisfactory state of our knowledge of the rock-fragments 
of the breccias is sufficiently indicated by the somewhat conflicting 
statements just cited, and it therefore appeared to me that a pro- 
longed and detailed study of these fragments was desirable, and 
might lead, not only to a certain correlation of the beds with the 
Permians of surrounding districts, but also to a knowledge of the 
physical conditions under which these beds were deposited, and of 
the source from which the sediment was derived. It seemed, in 
fact, an excellent opportunity of applying the principles laid down 
in the Address referred to above, and summarized by Prof. Bonney as 
‘“‘the application of microscopic analysis to discovering the physical 
geography of bygone ages.” 

I may state that it would have been absolutely impossible for me 
to have carried this portion of my subject to a successful issue had 
it not been for the generous and constant assistance of Prof. Bonney, 
who has, from the outset, taken the greatest possible interest in my 
work and has at all times placed at my disposal his wide knowledge 
of rocks and of their microscopical examination. To Prof. Lapworth 
Jam also much indebted for assistance in identifying some of my 
rock-specimens with those of his own classical district of Nuneaton. 

Owing to the possibility of accidentally including rock-specimens 
from the Drift, if the fragments for systematic study are obtained 
from the outcrop of the thin band of Permian beds, it is essential 
that they should be taken from cleanly-cut sections if we are to 
avoid a source of error from which, I believe, some of the observations 
of previous workers are not wholly free. This necessary condition 

limits the choice of localites to the following spots, from each of 
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which I have collected and examined a very large number of frag- 
ments. 


(1) Boothorpe Clay Works, Woodville. 

(2) Packington. 

(3) Newhall Park Colliery. 

(4) Measham (section by side of canal). 

(5) Hartshorn Brook (near Bugley Cottage). 
(6) Polesworth. 


The first five localities are all within the area of the Leicestershire 
Coal-field. The beds from which the fragments of No. 6 were ob- 
tained are exposed in a road-section half a mile east of the village of 
Polesworth, at the north end of the Warwickshire Coal-field. This 
outcrop of consolidated breccia occurs within six miles of the most 
southerly exposures of the Permian beds of the Leicestershire Coal- 
field, and enables us to link these latter with the Permian which 
is so well developed further south, in the neighbourhood of Coventry 
and Warwick. 

The fragments which most largely predominate in the breccias of 
the above-mentioned localities are felspathic grits, graduating in one 
direction insensibly into well-defined felspathic quartzites, and in the 
other into gritty, more or less felspathic, slates. Besides these we 
have occasional fragments of grey flinty slates and argillites, forming 
with the grits &c. a series of rocks, the members of which hang on 
to each other, both macroscopically and microscopically, in such a 
way as to indicate that they have been derived from beds of about 
the same age. 

In addition we often find large pieces of vein-quartz, volcanic ash, 
and more or less decomposed igneous rocks; also a very .variable 
number of fragments of Lower, Middle, and Upper Carboniferous age. 

The following is a numerical analysis of a very large number of 
fragments from four of the above-mentioned spots. The numbers 
are expressed in percentages. 


a. | @ | @ | ©. 
Boothorpe Pack Newhall Pitas: 

Clay  |ineton.| {a bworth 
Works. -[78"?- Colliery. ; 


3 Felspathic Grits and Quartzites............... 751 50°8 34:5 | 84:0 
Hop omtylatea sl Wall A es 97 | 346 | 110 
Ay StirGreydlinGy Mate: 2.025. 1200. toast este 32 8 9°8 2°6 
ao} ee MASA PPE ate ee culo w whcka sepia Sankt accent id 
o) RUSTING 8 OTE 7 1/7 aS a ane Sr ee nee 16 se 12 
AUOLERC Teele -05 17, Saas ee a OR ee ene a 2:2 8 12 
Igneous Rocks, more or less decomposed ... 4-4 72 | 13°95 40 
.4._. { Impure argillaceous Limestone, resembling 
as basement beds of Mountain Limestone... ay, 
= 2 Compact Mountain Limestone ............... a ae 94 
= | Carboniferous Grits and hematite ......... a 5'8 28°8 


100°0 {1000 | 100°0 {100-0 
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Felspathic Grits or Quartzites.—I have had slices cut for micro- 
scopical examination from eight specimens in every way typical of 
those which are, numerically speaking, by far the most important of 
the brecciated fragments. Four of these are from the Boothorpe 
section (Series 1), one from Packington (Series 2), one from Measham 
(Series 4), and two from Polesworth (Series 6). Microscopically 
as well as macroscopically there is a very striking similarity in all 
these specimens. 

The quartz-grains are, as a rule, fairly well rolled, and occasionally 
secondary cementing-quartz occurs in optical continuity with the 
original grains. The true nature of the brownish felspathic grains 
it is almost impossible in most cases to determine, as they are much 
decomposed. In one or two cases, however, where decomposition 
has not proceeded so far, they. may certainly be described as rotten 
glassy lavas of a rock which we may call trachyte, 2. ce. one moderately 
rich in silica, certainly not a basalt. Here and there a grain of 
felspar or of tourmaline may be detected. In one specimen, a 
beautifully crystalline grit, both the quartz- and lava-fragments are 
fringed with bristling flakes of a chlorite. 

Professor Lapworth recognizes these quartzites as belonging to 
the lower part of the Hartshill quartzite series; but there is one 
important point of difference which indicates that the Permian 
fragments cannot have been derived from the exact locality in which 
the rocks are now exposed. In most of my specimens the twin 
lamelle of the felspar crystals are somewhat curved, and dull shadows 
play over the quartz-fragments as the stage is rotated. These 
‘‘ strain shadows,” from which the Hartshill quartzite is free, indi- 
cate that the rock must at one time have been in a state of consi- 
derable tension or compression. This is further confirmed by the 
fact that some of the felspathic grits show distinct signs of cleavage. 

Gritty Slates and Flinty Slate.—I have not examined any of these 
microscopically, but it is clearly seen, when a very large number of 
specimens are examined, that they belong to the same series as the 
felspathic grits and quartzites, for every stage of transition can be 
observed. Some of the closer grained and more flinty slates resem- 
ble some of the Charnwood rocks. 

Argillite.—From Series 1, I have obtained a few angular frag- 
ments of a very fine compact greenish argillite, which exhibits a 
curious wrinkled weathering. Under the microscope it is seen to 
be composed of rather uniform and fine-grained materials, which 
have undergone a considerable amount of micro-mineralogical change, 
developing ferrite and chlorite or viridite. In parts of the slide 
granular clusters of a light brown anisotropic mineral are developing, 
but generally there is a want of definite structure. Professor Bonney 
believes that this rock is not newer than Ordovician. 

Stratified Volcanic Rock.—From each of the Series (1) and (2) 
I have obtained a few fragments of a rock which, macroscopically, 
may be described as a grit, but which, when sliced, is seen to be 
made up mainly of volcanic igneous rock of a distinctly basic cha- 
racter which has been much affected by micro-mineralogical change, 
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viridite, a kind of palagonite (?), &c. being produced. One of the 
specimens contains a few fragments of quartz, probably water-worn. 
The rock has, no doubt, been washed down from a basic lava. It 
resembles very closely some of the fragments in the coarse breccia 
at the base of the Hartshill quartzite, and doubtless belongs to the 
Caldecote Series. 

Volcanic Ash.—The breccias of localities (1), (2), and (3) have 
yielded a few large and fairly well-rounded fragments of this nature, 
and of these I have had two prepared for the microscope. The first 
proves to be a rock which originally was a fine-grained volcanic 
ash chiefly composed of “ dust,’ z. e. chips of glass, crystals, &c. 
rather than scoria. The lava would be a trachyte. It has been 
consolidated and chemically changed, the felspar crystals being re- 
placed by secondary products, and a filmy micaceous mineral de- 
veloped. 

The second specimen may perhaps be described as an argillite, 
the materials of which are largely derived from volcanic (trachytic) 
dust. It has not been subsequently modified to the same extent as 
the rock just described. Professor Lapworth has pointed out to me 
that this rock resembles very closely the ashes of the Caldecote 
Series occurring in the Old Tunnel, and that the other specimen 
may also with certainty be referred to the same series. 

Igneous Rocks.—Most of the fragments of igneous rock are very 
much decomposed, but the following are recognizable :— 

Felsttes.—A few fragments from localities (1),(2),and (6). These 
are occasionally scoriaceous and slightly porphyritic. A specimen 
from Packington, which is compact and minutely porphyritic, is 
probably an old andesite, or basic sanidine (? trachyte). From the 
same locality I have also obtained a quartz-felsite, which is distinctly 
cleaved. 

In Series (5), that of the Hartshorn-Brook section, there are a 
large number of fragments of a rock which, from the appearance of 
the hand-specimens, might be described as a crushed quartz-felsite. 
Microscopical examination shows that the crushing has resulted in 
the development of a filmy micaceous mineral giving a rather bril- 
lant colour at about 45° with the crossed nicols. There are no 
porphyritic felspars now recognizable. The grains of quartz appear 
to be of ‘early consolidation,’ and to have been slightly enlarged 
when the mass finally cooled. The matrix exhibits a minute deyi- 
trification-structure. The rock may be a modified fine-grained tuff, 
but is more likely a modified igneous rock (obsidian). Both from 
macroscopical and microscopical appearances Professor Bonney con- 
siders that it belongs to the Peldar-Sharpley group of rocks in 
Charnwood. 

Besides the above we have, in No. 6, the Polesworth breccia, 
amongst the less decomposed fragments, several which Professor 
Bonney is inclined to consider porphyritic andesites, belonging to 
the Caldecote Series. 

Diorites—The breccias both of Packington and of Newhall Park 
Colliery contain more or less decomposed fragments of a rock which 
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is distinctly recognizable as partially decomposed diorzte, similar to 
the diorites intrusive in the Upper Cambrian (Stockingford) Shales 
of the Nuneaton district. 

Carboniferous Rocks.—Fragments referable to the Carboniferous 
rocks of the neighbourhood are, in the breccias of some localities, 
very plentiful, whilst in others they are remarkably scarce, thus 
forming a marked contrast to the more regular distribution of the 
felspathic grits which have been brought from further afield. This 
is well shown in the table on p. 24. As a rule, these fragments 
have been derived from the Coal-measures of the immediate locality, 
and consist of angular pieces of grit, nodules of clay-ironstone, and 
concretions of more or less impure hematite. Within the lmits of 
the Leicestershire Coal-field fragments of Mountain Limestone are 
of rare occurrence in the Permian breccias. One such fragment, 
which was very fossiliferous, I have found at Measham, and at the 
Boothorpe Works (Series 1) I have found several pieces of impure 
limestone, resembling some of the marginal deposits of Carboniferous 
Limestone at the northern extremity of Charnwood Forest. 

At Polesworth, at the northern extremity of the Warwickshire 
Coal-field, nearly 10 per cent. of the fragments contained in the 
breccias consist of well-rolled pebbles of compact crystalline Carbon- 
iferous Limestone *. 


(4) To Oriein oF THE Rock-rRsGMENTS OF THE BRECCTIAS. 


In attempting to trace the source from which the material now 
forming the Permian beds of the Ashby Coal-field has been derived, 
it is manifest that but little aid can be expected from the brecciated 
fragments derived from the Carboniferous rocks, since, as we have 
already observed, these grits, heematite-nodules, and sparsely scattered 
limestone-fragments have been derived for the most part from the 
denudation of rocks in the immediate neighbourhood, and vary much 
within smail distances. For a solution of the problem we must 
question those fragments which so largely predominate in the 
breecias throughout the whole Coal-field, the felspathic grits and 
quartzites, and their associated igneous rocks. 

Except in the Wrekin there are no rocks to the north and north- 
east nearer than Scotland which could afford specimens having 
the general characters of these older brecciated fragments. It is 
true that we occasionally find a few which can with a tolerable 
amount of certainty be referred to the Charnwood series; but except 
in one locality, that of the Hartshorn Brook, these are very rare, and 
form a very small percentage of the total number of fragments. If 


* Tn the face of the above facts I think we cannot refer the source of these 
Polesworth limestone fragments to the bosses of Carboniferous Limestone which 
are exposed on the east side of the Ashby Coal-field ; for were this the case we 
ought to find considerably more of these limestone pebbles than we do in the 
breccias of the country intermediate between these spots. It is far more probable 
that the limestone of the Polesworth breccias was derived from a mass of Car- 
boniferous Limestone lying between the northern extremities of the Warwick- 
shire and South-Staffordshire Coal-fields, but now covered by Triassic strata ; 
or from a hidden boss of limestone still further to the south. 
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these breccias owe their present position to the action of water * only 
(and we have no evidence whatsoever that ice played any part m 
their deposition) we are precluded from looking far afield for their 
point of origin, since the angularity of their component fragments 
is too great to be consistent with a transportation by streams for 
more than a very few miles. 

I have already drawn attention to the fact that whilst, in the 
northern part of the Coal-field, the breccias have a tendeney to 
die out and to be replaced by marls, there is, on the other hand, a 
tendency towards greater angularity in the fragments as the beds are 
traced southward. These facts alone wouid lead us to search for the 
natural quarries of the breccias in a southerly direction, and we are 
thus led, both on stratigraphical and petrological grounds, to look to 
the Upper Cambrians of the Nuneaton and Lickey districts, with their 
underlying volcanic (Caldecote) series, as a probable source from 
which our Permians have been mainly derived. . 

On examining the rocks of the Nuneaton district I find that the 
felspathic grits, which are so predominant in the Permian breccias, 
can, for the most part, be identified with the Hartshill quartzite 
series. Some of the softer and more shaly beds of the Hartshill 
rock, as well as the grits at its base, are also exactly represented in 
the Permian breccias, but in the latter there is a more perfect 
gradation from quartzites into fine-grained argillaceous felspathie 
grits than is observable in the Nuneaton rocks. These argillaceous 
fragments of the breccias have, however, a close resemblance tosome 
of the gritty shales of the Dosthill exposure of the Stockingford 
Shales on the western side of the North Warwickshire Coal-field. 

Some of the grits of the Permian breccias are parallelled very closely, 
as pointed out to me by Professor Lapworth, by the felspathic grits 
into which the Lickey quartzite passes downwards at the south- 
western extremity of the Lower Lickey Range. 

The Caldecote Series is represented in the breccias by fragments 
of volcanic ash, and, as we have seen, we are not without repre- 
sentatives of the diorites which occur in intrusive sheets in the 
Stockingford Shales. Of the softer portions of the Stockingford 
Shales we have, as might be expected, no recognizable trace; but 
this is not to be wondered at when we consider the ready way in 
which these shales disintegrate under the action of the weather Tf. 

Although there can be little doubt about the series of rocks from 
which the Permian breccias of the Leicestershire Coal-field have 
been derived, there are several reasons for believing that the actual 
source of the fragments was not the existing outcrop in the Nun- 

* Sir A. Ramsay believes that ice has played an important part in the aecu- 
mulation of those massive beds of breccia which form such a striking feature 
in the Permians further south, and of which the beds we are considering are 
but meagre northern representatives. It has, however, been strongly maintained 
by Prof. Bonney that the so-called glacial striz which have been found upon a 
few of the fragments are attributable to earth-movements, and have not the 
characteristics of true glacial markings. 

t It is probable that the variegated marls of the Permian have beer derived 
in part, at any rate, from the washing down of the Stockingford Shales. 
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eaton-Hartshill district. The distance from the Hartshill ridge to 
Packington is 12 miles, and it seems to me that the great an- 
gularity of the breccias in the last-mentioned district 1s incompatible 
with a water-transit of this extent; and I am confirmed in this 
opinion by Prof. Bonney, who has of late given a considerable 
amount of attention to questions of this nature. Independent evi- 
dence of a more positive kind that the Hartshill Nuneaton outcrop 
is not the exact point of derivation, is afforded by the “ strain 
shadows” exhibited by sections of many of the grits and quartzites 
of the breccias. This peculiar optical property of the microscopical 
sections indicates a folded and disturbed state of the parent rock 
from which the Upper Cambrians of the Hartshill district are com- 
paratively free. 

Before we can indicate with any probability the approximate 
locality of the rocks from which the Permian breccias have been 
derived, it will be necessary to consider the position of the older 
Paleozoic rocks beneath the New Red Sandstones and Marls, which 
extend in an unbroken sheet from the Hartshill ridge to Charnwood, 
and to ascertain how far they were stripped of the overlying Car- 
boniferous deposits, and subjected to denudation, in Permian times. 

Over a large part of this area, as pointed out by Mr. Harrison 
(‘ Midland Naturalist,’ 1885), there can be no doubt that the Trias 
rests directly upon rocks older than the Coal-measures, and this 
fact has been more recently dwelt upon by Mr. Strahan, in his paper 
on the ‘‘ Rocks beneath the Coal-measures, and around the War- 
wickshire Coal-field” (Geol. Mag. 1886). 

In the last-mentioned paper particulars are given of a number 
of deep borings through the Trias in search of coal; but by some 
mischance the record of one of these borings, which for my parti- 
cular purpose is perhaps one of the most important, is erroneously 
given. The boring in question is the one referred to by Mr. Strahan 
(loc. cit.) as the Hlmesthorpe boring, and by Mr. W. J. Harrison 
(Midl. Nat. viii. p. 163) as the Sapcote boring. Its position is at 
Sapcote Freeholt, halfway between Hinckley and the syenite boss 
of Sapcote. Mr. Strahan gives the following particulars :— 


ft. 
BEM repeat aye hair c secs occ endecte de cehaase eon eete Sener eaten ek 10 
Rea Mila, eh pote ne koas abecnacceaneenaeim daatcdowd seer tate 120 
Lower Keuper Sandstone [Waterstone] .................. 330 
Slaty rocks with.a dip of 70°, Lower Silurian ?......... 1195 
1655 


Mr. Harrison (loc. cit.) gives substantially the same account of the 
boring, and states his conviction that the slaty beds are Stocking- 
ford Shales. 

Through the kindness of Mr. J. A. Bosworth, of Leicester, under 
whose superintendence the boring was made, I have been able to 
examine his very carefully prepared section, and also to see some of 
the cores. The following are the details, which, it will be seen, 
differ materially from those given above :— 
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Boring at Sapcote Frecholt. 


ft. in. 
Upper Alternating grey and red Marls, in part very gypseous ... 470 
Keuper. A very hard bed of conglomerate or breccia; fragments A few 
for the most part consisting of small pieces of quartz... inches. 
(Purple Marl ~ O5jo.2! Tae Gili Race ee 20 
| Dark-coloured shales, containing at 40 ft. from top a seam 
Coal- y of oul about-4. inches thick’ ...2...:.0....c-ccess0<asdee eee 40 
measures. } “ Bat,” 2.¢. Carbonaccous Clay: cis. n<cteqes..0e00.eeee oes 0 5 
Grey and reddish sandstones, which Mr. Bosworth cer- 
| tainly refers to Coal-measures ...............ceceeeceeseeees 150 
Ogu Ret { Indurated bluish (Stockingford) shales .......css.-ceeee000 974 
1654 5 


There are certainly no beds in the above section which can be 
referred to the Lower Keuper (Waterstones); the grey and red 
gypseous marls belong to the Upper Keuper, and have at their base 
a thin band of fine breccia which closely resembles a rock found in 
the neighbourhood of Whitwick, where the Keuper rests upon the 
Forest rocks. It is possible that the 20 feet of purple marls may be 
of Permian age, but it is more probable that they form part of the 
underlying shales which have been stained by percolation from 
above. In the 190 feet of beds below the purple marl we have un- 
mistakable Coal-measures, containing a thin seam of coal; and these 
rest upon dark-coloured bluish shales, undoubtedly belonging to the 
Stockingford Series. 

Outcrop of Stockingford Shales at Elmesthorpe-—Whilst Mr. 
Bosworth was executing the boring mentioned above, his atten- 
tion was directed to certain indicationsin a railway-cutting near 
Elmesthorpe Station which led him to believe that the dark 
shales which occur below the Coal-measures in the Sapcote boring, 
and which we now know to be Stockingford Shales, cropped out at the 
surface. This observation, if correct, seemed to me of such very 
great importance in determining the position of the older rocks, that 
I took an early opportunity of visiting the place with Mr. Bosworth, 
and of collecting on the spot all the available evidence. ‘The point in 
question is on the Leicester and Birmingham line, 1450 yards east 
of Elmesthorpe Station, close to the viaduct by Elmesthorpe Gorse. 
It is almost exactly two miles north-east of the Sapcote Freeholt 
bore-hole. } 

The railway-cutting is in chalky Boulder-clay, which is in part of 
a dark bluish colour, very unlike that of any other Boulder-clay in 
the neighbourhood. There are, at the present time, no indications of 
any outcrop of the shales at the base of the cutting. The matter 
was, however, proved beyond doubt by a trial-boring which Mr. Bos- 
worth put down in an adjoining field on the north side of the rail- 
way. Ata depth of 24 feet, after passing through dark-coloured 
Boulder-clay, the boring-tool struck solid blue shales, specimens of 
which I have seen, and which are undoubtedly identical with the 
Stockingford Shales of the Sapcote boring. 

It is put beyond doubt therefore that between Sapcote Freeholt 
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and Elmesthorpe Gorse the older Paleozoic rocks rise to the north- 
east from under their covering of Coal-measures, and that the dip 
of the rocks at this point must be in the same general direction as 
it is in the Nuneaton district, eight miles further west *. 

Market Bosworth Borings.—In the years 1880-1882 three borings 
were made in search of coal on the estate of Sir Beaumont Dixie, 
near Market Bosworth, but hitherto no information about these has 
been available, except the statement that in one of them Cambrian 
or Lower Silurian rocks were entered at 400 feet (Strahan, Geol. 
Mag. 1886, p. 556). 

Through the courtesy of Mr. J. 8. Rolleston, of Leicester, who is 
in possession of the cores from these borings, I have recently had 
an opportunity of examining them, and of obtaining information 
having an important bearing on the present inquiry. 

The exact position of the borings is as follows :— 


No. 1. At Cowpasture, ? mile N.E. of Market Bosworth. 
No. 2. At Bosworth Wharf, # mile W. of Market Bosworth. 
No. 3. At Kingshill Spinney, 2 miles 8.W. of the town. 


(1) The Cowpasture Bormmg.— The total depth reached was 
545 feet. Down to 380 feet it is in New Red Marls and Sand- 
stones. Below this there are 53 feet of a breccia, consisting of very 
angular fragments of rock in a red marly matrix, and exactly similar 
in appearance to some of the Permian breccias of the Leicestershire 
Coal-field. This Permian breccia rests directly on dark-colowred 
Stockingford Shales, exactly similar to the shales of the Sapcote and 
Spinney-Hill borings. In all 112 feet of these shales were pierced 
when the boring was abandoned. At 500 feet a bed of igneous. 
rock was passed through. 

(2) Boring at Bosworth Wharf.—Total depth of boring 1364 feet. 
The Trias here was 744 feet thick, and at its base was a breccia 
10 feet in thickness. This I should judge, from its appearance, 
belongs to the Trias rather than to the Permian. The breccia rests 
on an igneous rock, traversed by fine joints filled with infiltered 
dolomite. Below this are the Stockingford Shales, of the same type 
as those of the Sapcote and Spinney-Hill borings. In the upper 
part the beds are variegated with red, and throughout show a high 
angle of dip with considerable contortion and, occasionally, slicken- 
siding. At 1251 feet from the surface a second bed of igneous rock 
was penetrated, 57 feet in thickness, and from this down to 1330 
feet occurred bluish-black Stockingford Shales, which apparently 
overlie a highly consolidated reddish breccia, made up principally 
of fragments of slate and igneous rock, imbedded in a hard calca- 

* It is a noteworthy fact that at Barrow Hill, only ? mile N.N.H. of this 
outcrop at Elmesthorpe, there is a small boss of igneous rock, marked on the 
Survey map as “greenstone.” This has been described by Hill and Bonney 
(Quart. Journ. Geol. Soc. vol. xxxiv. 1878, p. 230) as resembling somewhat in 
appearance the Warwickshire diorites. It is highly probable that further 
investigation will prove the Barrow Hill rock to be really intrusive in the 
Stockingford Shales, and it is possible that some of the bosses of igneous rock 


of Sapcote, Croft, and Enderby may also be intrusions in the Shales or their 
associated rocks. 
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reous matrix. The boring terminated after passing through 34 feet 
of this rock, which resembles very much in general appearance a 
breccia which occurs at the base of the Hartshill quartzite, at the 
entrance to Boon’s Quarry, near Nuneaton. There are several 
reasons for believing that this breccia does not naturally underlie 
the shales of the boring, but that it belongs to a much lower horizon 
than the Stockingford Shales, and owes its present position to fault- 
ing. In the first place, we may be pretty certain that the shales 
passed through in the boring are not the Lower Stockingford, since 
no black shales such as immediately overlie the breccia occur at this 
horizon. Secondly, as pointed out to me by Prof. Lapworth, the 
shales passed through just before the breccia was struck are 
very much “smashed” and slickensided. Then, again, it is op- 
posed to the physics of sedimentation to find deep-water deposits, 
like those of the Lower Silurian Shales, abruptly succeeding breccias 
without any signs of a passage. Taking all these facts into con- 
sideration, I think there can be no doubt that the Bosworth Wharf 
boring, at a depth of 1330 feet, passed through a fault which throws 
up the basement-beds of the Hartshill quartzite on the east in con- 
tact with the middle portion of the Stockingford Shales on the west. 

(3) Boring at Kingshill Spinney—This boring was carried to a 
total depth of 1030 feet, and appears to have been in the Trias 
throughout. The lower part is in a coarse sandstone containing 
rounded pebbles, evidently the Bunter Conglomerates, which are 
more fully developed six miles further west, near Polesworth, and 
again eight miles N.N.W., on the margin of the Ashby Coal-field. 
Taken in conjunction with the other borings of the neighbourhood, 
the results are of interest as fixing the easterly limit of the Bunter 
in this part of the country. 

These three borings at Market Bosworth are situated approxi- 
mately along a line running N.E. and 8.W., and they prove beyond 
doubt the important fact that, in this neighbourhood, just as further 
south, near Elmesthorpe, the older Paleozoic rocks underlying the 
Trias rise rapidly towards the north-east, and that a line joining 
Market Bosworth and Sapcote Freeholt must mark the axis of a sub- 
Triassic anticlinal ridge of the older rocks. 

Now the direction of this line is about N.N.W. and 8.8.E., and it 
is, consequently, parallel with the Nuneaton-Hartshill and Charnwood 
axes of elevation, and also with the general direction of the major 
folds and faults of the Leicestershire Coal-field further north. On the 
western side of this ridge the general dip and relative position of 
the Upper Cambrian and the Coal-measures, when these latter are 
present, must be the same as in the neighbourhood of Nuneaton. 
We have shown reason for believing that this is a faulted anticlinal 
with a downthrow to the west; and if we could sweep away the 
covering of Triassic sediment we should doubtless find the Harts- 
hill quartzites and the equivalents of the Caldecote Series rising from 
under the Stockingford shales a little to the north-east of Market 
Bosworth. Since we know with certainty that the Carboniferous 
strata were denuded from the older rocks in Permian times (for at 
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the Cowpasture boring the Permian breccias rest directly on the 
Stockingford Shales), we have, in the northern part of this ridge of 
old rocks avery probable source of the angular fragments occurring 
in the Permian beds five or six miles to the north-west. 

There is another fact in favour of this view which we must not 
lose sight of. The Stockingford Shales pierced at Market Bosworth, 
unlike the beds of the same age near Nuneaton, are much contorted 
and slickensided, and even show signs of cleavage. We have seen 
that there are microscopical indications of the fragments from the 
Permian breccias having been subjected to considerable pressure and 
strain, such as might be expected from rocks exhibiting the above 
general appearances. The horizontal section (fig. 6) shows, in a 
diagrammatic form, the probable position of the older rocks beneath 
the Trias along a line drawn from Nuneaton to Charnwood Forest. 

In addition to the hidden anticlinal of the older Palzozoics just 
referred to, the shaft of the Lindridge Colliery, about half a mile 
north of Desford, has afforded evidence of still another fold between 
the Market Bosworth axis and Charnwood*; so that, taking all the 
facts into consideration, we have ample proof that the dominant 
N.N.W. and 8.8.E. folding of the older rocks is continued between 
Nuneaton and Charnwood, underneath the Triassic plain, which is 
bounded by the Ashby Coal-field on the north, the Warwickshire 
Coal-field on the west, the Liassic escarpment on the south, and 
by Charnwood Forest on the east. 

So exact is the parallelism of the major foldings and the principal 
system of faultings in the Leicestershire Coal-field with the folding 
in what we may term the Nuneaton-Charnwood area, that it is 1m- 
possible to doubt that the general trend of the rocks in the two con- 
tiguous areas has been brought about by the same series of earth- 
movements. 

That the age of these movements + is, in the main, Post-Carboni- 
ferous is beyond doubt, for we find both the older Paleeozoics and 
the Carboniferous rocks equally affected by them; but whilst in the 
Nuneaton-Charnwood area we have nothing, so far as I know, which 
fixes more definitely the age of these flexures, we have, on the other 
hand, a valuable chronological index in the thin Permian beds of 
the Leicestershire Coal-field ; for the non-participation of these strata 
in the general folding of the older rocks, and the undisturbed 
way in which they lie, bridging over the great N.N.W. and §.8.E. 
faults, proves the age of the disturbances to be Pre-Permian. 


* Mr. Bosworth informs me that two borings and a shaft have been sunk at 
Lindridge. In the first boring, after passing through from 370 to 380 feet of 
hard brown and red Keuper sandstone, a rock was reached which is described 
as syenite. In the second boring, about half a mile further west, Coal-measures 
were struck and coal actually found. The shaft was ultimately sunk three 
quarters of a mile east of the second boring, and, by a curious chance, came 
down exactly upon a very sharply faulted anticlinal, with Coal-measures dip- 
ping away to the west and syenite to the east. 

t The forces which brought about the cleavage of the Charnwood rocks, 
although acting along nearly the same lines as the Post-Carboniferous disturb- 
ances, must be of vastly earlier date. 
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The influence of these Pre-Permian movements is observable 
from the South-Staffordshire Coal-field to Charnwood Forest; and, 
through the Leicestershire Coal-field and the exposure of Lower Car- 
boniferous rocks at Kirk Langley, the disturbance can be connected 
with the great Pennine axis, to the southerly extension of which they 
doubtless owe their origin; consequently the Permian beds we are 
considering afford indirect proof of the correctness of the view of 
Mr. E. Wilson and Mr. J. J. H. Teall as to the Pre-Permian age of 
the Pennine axis. 


(5) CoRRELATION OF THE Beps, anD A CoNSIDERATION OF THE PHYsICAL 
CoNDITIONS UNDER WHICH THEY WERE DEPOSITED. 


On the extreme north of the Warwickshire Coal-field, about six 
miles 8.8.W. of the most southerly exposures of the Permians of the 
Leicestershire Coal-field, there occurs, near Polesworth, an outcrop 
of Permian rocks, consisting of consolidated calcareous breccia and 
buff-coloured sandstone, the latter underlying the former. The 
breccia, to which reference has been already made, immediately 
underlies the Bunter Conglomerate, and is apparently from 200 to 
300 ft. thick. From its general appearance, and from the nature of 
its included fragments (see p. 24), there can be no doubt that it is 
identical with the brecciated rocks overlying the Coal-measures of 
the Leicestershire Coal-field to the north ; and as the buff-coloured 
sandstones are exactly similar to the characteristic Permian sand- 
stones which I have described as occurring at Swadlincote and 
Caulkley Wood, the Polesworth rocks are doubtless southern ex- 
tensions, in a more massive form, of the Permians which occur in 
the Leicestershire Coal-field as comparatively thin, marginal deposits. 
_ On the other hand, the Permians of Warwickshire can be directly 
correlated with those of South Staffordshire by the aid of various 
exposures between the northern extremities of the South-Stafford- 
shire and Warwickshire Coal-fields; so that we are justified in 
regarding the Permian rocks of these districts, and of the Leices- 
tershire Coal-field, as belonging to the same area of deposition, and 
as forming a part of the detrital deposits of the great Permian lake, 
which extended northwards from Warwickshire and Worcestershire, 
and the margin of which was the Pennine Chain. 

There is, however, one important fact which remains to be 
noticed. In the Warwickshire district (and I believe also in that 
of South Staffordshire) the break between the Coal-measures and 
Permian is very much less than it is in the Leicestershire Coal-field ; 
in fact, according to most observers, there is, in the former district, 
almost an unbroken stratigraphical succession from the Upper Coal- 
measures, with their Spirorbis-Limestone, into the Permian. This 
striking difference in unconformity in areas so near to each other 
can, I think, be explained by the fact that the Leicestershire Coal- 
field, where the greatest stratigraphical break takes place, is almost 
directly on the line of the Pennine-Charnwood axis, along which the 

D2 


36 MR. H. T. BROWN ON THE PERMIAN 


effects of the great Post-Carboniferous, Pre-Permian movements 
were at a maximum. 

Our Leicestershire rocks, on the other hand, are so entirely dis- 
similar, both in lithological characters and succession, to the deposits 
which occur on the eastern side of the Pennine chain from Notting- 
hamshire to Durham, and which doubtless underlie a large portion 
of the north-east of England, that on this account alone we should 
suspect that the two series were laid down in different basins. We 
have seen that the Leicestershire rocks thin out rapidly to the north- 
east and east against an old land-barrier; and Mr. E. Wilson, F.G.8. 
(‘ Midland Naturalist,’ vol. iv. p. 97 et seq.), bas clearly shown that, 
whilst the Permians of the north-east of England thicken out towards 
the north and east, and acquire in these directions the characters of 
deeper-water deposits, the same beds when traced to the southward 
become more arenaceous, thin out, and ultimately die away alto- 
gether in the neighbourhood of Nottingham, owing to the Coal- 
measures rising up beneath them and forming what, in Permian 
times, was a land-barrier. 

The most northerly exposure of the Leicestershire Permian is at 
Ingleby, 13 miles south-west of the nearest outcrop of the Notting- 
hamshire Permian. North and east of Ingleby the Permian is 
absent *, and we know, from the results of trials for coal at Wilford, 
Clifton, Highfield, Chitwell, and Owthorpe, that the same is the case 
to the south and south-west of Nottingham. These facts prove the 
existence of a land-barrier between the two Permian lakes at this 
point; and there can be but little doubt that this had its origin in 
the southerly extension of the Pennine disturbance, which we have 
seen produced well-marked effects even much further to the south. 

It is possible, after making due allowance for a certain amount 
of denudation in Bunter and Lower Keuper times, to trace, with a 
fair approximation to accuracy, a small portion of the old coast-line 
of the western Permian lake. Its probable course, commencing on 
the north, was through Stanton-Bridge, Ticknall, Hartshorn, Black- 
fordby, Ashby, a little west of Heather, Market Bosworth, then on 
towards the northern part of the Warwickshire Coal-field, whence it 
must have taken a southerly course for some distance, thus forming 
a somewhat deeply indented bay facing north-west. The rocks 
forming the land on the south of this bay had already been folded in 
a north-north-westerly and south-south-easterly direction ; and since 
this folding of the Carboniferous and older Paleeozoics brought to 
the surface beds of varying hardness, there must have resulted a 
series of ridges and valleys to some extent coincident with the 
strike of the beds, and resembling very much the contour of the 
eround at the present time in the Nuneaton-Hartshill district. 
Down these strike-valleys flowed the streams, bringing detritus into 
the Permian lake from the high ground on the south. We have 


* The so-called Permian between Derby and Ilkeston has been shown by 
Mr. Wilson to be brecciated Bunter sandstone, and that of Dale Mill to be 
Lower Coal-measure sandstone. 
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proof that denudation had bared some of the older rocks of their 
overlying Coal-meusures, and itis the re-arranged talus and “‘ screes ” 
from the harder portions of these older rocks which now form the 
brecciated bands in the Leicestershire Permians *, 


(6) APPENDIX. 


Tur Ianzous Rocks oF tHE Marker Bosworth Borines. 


The igneous rocks which have been penetrated in the deep borings 
of Bosworth Wharf and the Cowpasture, near Market Bosworth, 
have not hitherto been described. They occur, as we have already 
seen, at the northern end of the Sub-Triassic ridge, which extends 
from Sapcote to Market Bosworth, and they appear to be intrusive 
in bluish-black shales, which, we have every reason to believe, are 
identical with the Stockingtord Shales of the Nuneaton district. 
The fact that fragments of these igneous rocks, doubtless derived 
from this immediate neighbourhood, occur in the Permian breccia a 
few miles further north, is sufficient excuse for my dwelling some- 
what in detail upon the results of their examination. 

I must once more express my thanks to Professor Bonney for his 
careful examination of the slices of these rocks, and to Mr. T. H. 
Waller for a determination of their relation to the Warwickshire 
diorites, with which he is so well acquainted. 

1. From the Cowpasture Boring. Depth 509 feet.—This is a 
moderately fine-grained rock, which was probably once an ophitic 
dolerite. The felspar is plagioclase, but much altered, and the py- 
roxenic mineral has been replaced by pale viridite, with a few specks 
of opacite. There are some crystals and grains of iron-oxide, which 
are doubtless in part haematite, and some pyrite. ‘here is a little 
free quartz, which, from its frequent association with calcite or 
dolomite, may be looked upon as probably of secondary origin. 

2. Bosworth Wharf Boring. Depth 1275 feet.—The minerals 
of this specimen are much decomposed. It is a holocrystalline 
mixture, chiefly of felspar and pyroxene mineral, the former being 
of a grey brownish colour in transmitted light, but with crossed 
Nicols giving very pale whitish-grey tints, and still distinctly indi- 
cating the twinning of plagioclase, probably labradorite. 

The pyroxene mineral is replaced by a very pale-green mineral, 
which, with crossed Nicols, shows an aggregate structure acting very 
feebly on polarized light, and a brown or black ferruginous mineral. 
The latter is often arranged in parallel flakes, indicating that its 
deposition has been determined by pre-existing cleavage-planes. The 
pyroxene constituent has consolidated later than the felspar, so that 
the rock has an ophitic structure. 

There are some hexagonal prisms of apatite and a little dolo- 
mite (?). 

3. Bosworth Wharf Boring. Depth 1265 feet.—This is an ophitic 

* An excellent example of such a rearranged talus from the Charnwood 
rocks may be seen in the thick Keuper breccia on the flauks of Charnwood 
Forest at Thringstone. 
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diorite (?), differing only varietally from No. 2. There appear, 
however, in this case to have been two varieties of pyroxene, but 
there is not much of the pale-green “ viridite,” the iron-stained con- 
stituents predominating. The pessibility of the latter having been 
hornblende is suggested by the appearance of one or two grains. 

4. Bosworth Wharf Boring. Depth 774 feet.—The core from which 
this slice has been cut exhibits two distinct colours of rock, the one 
being of brownish red and the other of a greenish tint. The line 
of separation between the two is a crack, which has been filled with 
crystalline dolomite. 

Microscopically, the rock resembles Nos. 2 and 3, but is less 
coarsely crystalline. Some of the pyroxenic constituents suggest 
the former presence of hornblende. The brown and greenish rocks 
have the same general appearance. 

These rocks are all in a very decomposed condition. Professor 
Bonney informs me that they certainly do not appear to belong 
to the Charnwood or Narborough type, nor even to Barrow Hill, but 
that apparently they have some relation to the Warwickshire 
diorites. It is difficult to decide, however, whether the Bosworth 
rock is a diabase or a labrador-diorite; but, on the whole, there 
is a probability that the principal pyroxene constituent was a horn- 
blende. 

Mr. T. H. Waller, after a careful comparison of these slices with 
his extensive collection of the Warwickshire diorites. Informs me 
that the Market Bosworth specimens appear to be very similar to 
the diorites which occur in sheets in the Hartshill rocks of the 
Nuneaton district, but that from their decomposed state it is impos- 
sible to speak with absolute certainty on this point. 


EXPLANATION OF PLATE T. 


This Plate represents the section in the open-work at Swadlincote as it appeared 
in March 1888. The Bunter Conglomerate and Lower Keuper Sandstone 
and Marls rest, almost horizontally, upon highly inclined Permian rocks, 
which are in turn unconformably underlain by Coal-measure Clays con- 
taining Coal-seams, 


DiscussIon. 


The Prestpent referred to the derivation of the materials of the 
Permian breccia as an important instance of results due to investi- 
gation by local students, and the light thereby thrown on ancient 
physiography. He was sceptical as to the lacustrine origin of these 
breccias. Why not subaerial, like those in the interior of Asia ?— 
subangular masses, transported by rainwash to a distance of 10 or 
12 miles. He spoke of the value of the hand-borer, and referred to 
the specimens exhibited at the Geological congress. 

Prof. Bonnry had accompanied the Author occasionally, and 
spoke of the paper as the cream of a series of observations, such as 
could only be carried out by one living in the district. It was full 
of interesting considerations. - He agreed as to the existence of a 
barrier of land linking the old area of Warwickshire with Charn- 
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wood, and that the breccias did not obtain materials from the 
Lickey, the east side of which he believed to have been partly 
covered by Coal-measures at that period. The specimens were not 
exactly of the Hartshill type, and he was prepared to believe that 
they came from a ridge now no longer visible. He thought, from the 
nature of the cleavages in the older rocks of Charnwood, that there 
must have been pre-Carboniferous movements also in that district. 
He commented on the small volume of these Permian breccias. 
They differ in this respect and in the general character of their 
materials from those of the Bunter, the origin of which he believed 
to have been quite different. The latter, he thought, as he had 
often stated, had come from the north. 

Mr. Wartaxer spoke of the advantages of the 6-in. ordnance- 
maps. He agreed with Prof. Bonney that only those who resided 
in a district could do some kinds of detailed work. The materials 
of pebble-beds are usually of the least destructible materials. It 
was unreasonable to suppose that conglomerates should always have 
been derived from exposures now visible. Therefore the alleged 
underground extensions may easily have furnished these materials. 
Were the Charnwood rocks of fairly indestructible material? It 
was difficult in some cases to say to what series isolated patches 
of sandstones belonged: he was happy to find that the Survey had 
been sometimes right, He would be glad if good lithological differ- 
ences could be recognized. 

Prof. Brake could appreciate the value of the work, and agreed 
as to the relations between these beds and the Carboniferous. Was 
the Permian age so very distinct from that of the Trias? Mr. Wil- 
son regarded the Permian and Trias as really one physical sequence. 
Are they, then, really separated by such a wide gap? He com- 
mented on the appearances at the Swadlincote section. Why might 
not these Permian beds represent the base of a new epoch? The 
stones in the deposits on the eastern side were quite different. 
When the Trias escapes from the Permian it becomes irregular. 
Were the Coal-basins separated by the Permian movements? If 
so, the materials dispersed should form the base of the Permian. 
Is there evidence that these beds belong to a distinct epoch from 
the Trias and are not merely its base ? 

Mr. Tortry observed that the main point of the paper was the 
relation of the beds called Permian to those above and below. The 
Author had well traced out the underground ridge, but what is the 
eviderce of its being a faulted anticlinal? He referred to the use 
of the hand-borer, and stated that it had been much used by the 
Geological Survey during the last two years, especially in the Isle 
of Wight, where Mr. C. Reid had made over 300 trial borings. 
The hand-borer had been long employed by the Geological Survey 
of Belgium, and that used by the English Survey was supplied by 
M. Dupont on the Belgian pattern. 

The Avrnor, in reply, stated that he was not prepared to uphold 
the lacustrine origin of the breccia; but if subaerial it would make no 
difference to his argument. With regard to the age of the Charnwood 
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anticlinal, the Post-carboniferous movements took place along old lines 
of disturbance. The scarcity of Charnwood rocks he thought due to 
the drift having been from the south, and this would help to account 
for their exceptional abundance at Hartshorn. He had orignally 
been prejudiced in favour of the Permian being the base of the 
Trias, but found the theory untenable. The material was different 
from that of the Eastern Permian and from the material which 
makes up the basement breccia of the Keuper at Castle Don- 
ington. The maximum angularity of the breccia in the southern 
part of the area was another point in favour of its derivation 
from a southern source. As regards evidence of a faulted anti- 
clinal in the subtriassic ridge, the shales were found to be in a 
smashed condition, and instead of coming to quartzites below, some- 
thing altogether different was found—appearances which could only 
be explained on the supposition of faulting. 
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2. On the Remains and Arrinitizs of five Genera of Mrsozotc Rep- 
tines. By R, Lypexxer, Hsq., B.A., F.G.S, (Read November 21, 


1888. 
[Puate II.] 


INTRODUCTORY. 


Tue following communication treats of certain remains referred to 
four species of English Mesozoic Reptiles, some of which were first 
described or named by Professor H. G. Seeley, and also includes 
a discussion as to the affinities of a fifth form. The substance of 
that portion of the paper relating to Peloneustes philarchus was pre- 
viously brought under the notice of the Society at the Mecting held 
on May 28rd as a separate communication, entitled ‘« On the Skeleton 
of a Sauropterygian from the Oxford Clay near Bedford” *, but, on 
account of a change of view on the part of the Author, it was con- 
sidered’ advisable that it should be again presented in a revised 
form. 


I, VERTEBRZ oF AN OrnirHopopous DINOSAUR FROM THE 
CAMBRIDGE GREENSAND. 


On page 621 of a memoir on the remains of Dinosaurs from the 
Cambridge Greensand, published in the 35th volume of the Society’s 
‘Journal,’ Professor Seeley applied the name Syngonosaurus macro- 
cercus to a series of nineteen vertebree from the cervical, dorsal, 
sacral, and caudal regions, which were said to be associated, and 
indicate a medium-sized species. At the conclusion of the descrip- 
tion of these vertebree mention is also made of certain dermal 
scutes, which it was suggested might also beassociated. I have no 
intention of entering into the question whether the alleged associa- 
tion of all these remains is absolutely certain, and I shall accord- 
ingly confine my remarks to the one cervical and eight dorsal 
vertebrae, which, as being the first described (although not figured), 
may, I presume, be regarded as the types. 

All the dorsals are amphiccelous, and characterized by their 
compressed centra to which the arches are firmly united, the 
absence of rib-facets on the arches, and the height of the neural 
canal. In the four anterior dorsals the centrum is comparatively 
short, with triangular terminal faces and a sharp hemal ridge; 
while in the four later ones the centrum is longer, the hemal ridge 
disappears more or less completely, being represented by a tubercle 
at either end‘, and the terminal faces are less triangular. In the 
anterior dorsals the length of the centrum varies from 1:5 to 1:7 
inch ; while in the first of the four later ones this length is 1°75, 
and the height from the base of the centrum to the summit of the 
neural platform 2°5 inches. 

Prof. Seeley makes no attempt to determine the serial position of 

* Proc. Geol. Soc. 1888, p. 89. 


t I take the character from page 621 of Prof. Seeley’s memoir; there is 
some discrepancy with this on p. 623. 
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Syngonosaurus, although he suggests aftinity to another Cambridge 
form described in the same paper under the name of Lucercosaurus. 
The caudals of the latter are, however, stated to show some resem- 
blance to those of Hyleosaurus, but the dorsals are compared with 
those of the Iguanodonts. Im the absence of figures it seems diffi- 
cult to see how the dorsals described as Hucercosaurus difier from 
those of Syngonosaurus. 

In recently looking through a number of undetermined specimens 
from the Cambridge Greensand in the British Museum, I noticed 
four imperfect dorsal vertebre (No. R. 460) of a comparatively 
small Dinosaur, all of which were obtained at the same time and 
are probably associated. One of these vertebrz has been fractured 
transversely, and on polishing the broken surfaces of the centrum 
there appeared to be a median cavity suggesting Theropodous 
affinities; on cutting longitudinally a second centrum it appeared, 
however, that the supposed cavity was merely due to decay, and that 
the centrum consisted internally of the coarse cancellous structure 
found in the Ornithopoda (in which group I include the Stegosauria 
of Professor Marsh). 

The two best-preserved specimens respectively correspond so 
closely with Prof. Seeley’s description of the anterior and later 
dorsals of Syngonosaurus, that I should have had no hesitation in 
referring them to that form, were it not for the difficulty I find in 
distinguishing the dorsals of the latter from those described as 
Eucercosaurus. I will, however, provisionally regard them as refer- 
able to the former genus, and I bring them to the notice of the 
Society because they appear to me to afford fairly sufficient evidence 
as to the approximate serial position of that genus. The anterior 
dorsal has the triangular terminal faces and strongly marked hemal 
ridge characteristic of the type specimens; the length of the cen- 
trum being 1-45 inch, and its width superiorly 1°3 inch. The arch 
is too much damaged for description. 

In the later and probably middle dorsal (fig. 1) the greater part 
of the arch is preserved, but the centrum is somewhat damaged 
anteriorly, and has been restored in the figure from another speci- 
men. The length of the centrum is approximately 1-6 inch, and the 
height to the summit of the neural platform 2°5 inches. ‘The lateral 
surfaces of the centrum are flattened and somewhat depressed, the 
terminal faces have an approximation to a triangular contour, the 
neural arch is tall, and the hemal ridge absent. The most im- 
portant features of the vertebra are, however, to be found in the 
neural arch. The base of the broken transverse process is clearly 
shown, but neither in front of this, nor below it on the anterior 
border of the arch, is there any trace of a rib-facet, thus clearly 
showing that the head of the rib articulated with a “ step” on the 
transverse process, as 1n Crocodiles. This negative feature being 
also shown in the anterior dorsal, and in all of the type specimens, 
is evidently constant throughout the dorsal series. Another marked 
feature is the absence of a deep fossa immediately in advance of 
the postzygapophysis. 
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Now these two negative features at once distinguish this type of 
dorsal vertebra from all genera of Iguanodontide and Tracho- 
dontidz in which the vertebre have been described *; the whole 
of the series of anterior and middle dorsals in these families 
having a distinct rib-facet on the arch, either immediately in 
advance of or somewhat below the transverse process, and a deep 
fossa between the latter and the postzygapophysest. In the Sceli- 


(?) Syngonosaurus macrocercus.-—Posterior and left lateral aspect of a dorsal 
vertebra, from the Cambridge Greensand ; nat. size. .p., transverse 
process; pt.z., postzygapophysis ; 2.c., neural canal. 


dosauridee, however, the dorsal vertebrae of the type skeleton of 
Hyleosaurus, although of considerably larger size, agree with the 
present specimens in the above-mentioned characters, and show 
most distinctly the “‘ step” on the transverse process for the articu- 
lation of the head of the rib. If, indeed, the two specimens under 
’ consideration be compared with the eight dorsals still remaining in 
apposition in the type skeleton of Hylwosaurus, an extremely close 
resemblance 1s noticeable. Thus the shorter and carinated vertebra 
resembles in contour the penultimate vertebra of that series, while 
the figured specimen agrees equally closely with the last and latest 
of the series in question, and also with a detached middle dorsal 
seen on the right of the slab. 


* With the possible exception of those figured by Prof. Cope (Rep. U.S. 
Geol. Sury. Terr. vol. ii. pl. i.) as Cionodon. 

t+ Compare the figure of the dorsal of Jywanodon on p. 47 of the preceding 
volume of this Journal. 
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I think, therefore, that I have now adduced sufficient evidence 
to show that the vertebre under consideration, which present no 
characters by which they can be distinguished from the dorsals of 
Syngonosaurus, indicate a Dinosaur apparently allied to Hyleosaurus. 
They resemble also to a great extent the dorsal vertebree from the 
Wealden figured in pl. xxi. of the 35th volume of this Journal, 
under the name of Vectisaurus ; which genus I have suggested, in my 
paper on Dinosauria in the preceding volume, may also be a member 
of the Scelidosauride. This reference is confirmed by a closer study 
of fig. 4 of that plate, where the capitular articulation of the rib is 
seen to form a distinct “step” on the transverse process, after the 
fashion of Hyleosaurus. Finally, if I am right in the position I 
would assign to these forms, there would be considerable probability 
that the dermal scutes provisionally referred to the type skeleton of 
Syngonosaurus are rightly associated either with that or one of the 
allied forms. And I may add that, with the present insufficient 
evidence, I have purposely refrained from discussing whether all or 
any of the above-mentioned forms are really entitled to separation 
from genera of earlier date. 


II, Axis or a (? THERopopous) Dinosaur FRoM THE WEALDEN. 


In looking through some undetermined specimens among the 
Fox Collection from the Wealden of the Isle of Wight, now in the 
British Museum, I was struck with certain peculiarities exhibited 
by an axis-vertebra (No. R. 1412), which forms the subject of this 
notice. The specimen (fig. 2) is incomplete, having lost the neural 


Left lateral, hemal, and anterior aspects of the axis-vertebra of a Dinosaur 
from the Wealden of the Jsle of Wight: 4 nat. size. a, upper (dia- 
pophysis), 0, lower (parapophysis) costal articulation ; c, axial inter- 
centrum (hypapophysis) ; d, articulation for centrum of atlas (odontoid 
process) ; é, articulation for the inferior ring (intercentrum) of the 
atlas, 


spine, the zygapophyses, and part of the posterior articular face. The 
centrum is opisthoccelous, and shows the characteristic early Croco- 
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dilian and Dinosaurian feature of carrying the upper costal articu- 
lation on the arch, and the lower on the centrum. Its Dinosaurian 
nature is proved by the opisthoccelous centrum ; and I shall show 
below that there is a considerable probability that it belonged to the 
Theropodous group of that order. 

The most peculiar feature of this specimen consists in the presence 
of a distinct intercentrum (hypapophysis) on its anterior border, 
which I have not seen described in any member of the order. The 
flattened kidney-shaped surface, marked d in the figure, is evidently 
for the articulation of the odontoid process, or centrum of the atlas ; 
while the marginal receding surfaces (¢) are for the inferior ring of 
the atlas, which is now generally regarded as representing the first 
intercentrum *, or that between the cranium and the atlas. 

Compared with the very small figure of the axis of Ceratosaurus 
given by Prof. Marsh in the ‘ Amer. Journ.’ ser. 3, vol. xxvii. pl. x. 
(1884), the general resemblance is so close as to indicate the strong 
probability that the present specimen belongs to the same suborder ; 
and it therefore seems highly likely that it may be referable to 
the Wealden species of Megalosaurus, or to a nearly allied form. 
In the American genus, however, the centrum of the atlas is anchy- 
losed to that of the axis to form an odontoid process; and from the 
forward projection of the inferior border of the anterior part of the 
centrum of the axis it would appear that the second intercentrum, 
of that between the atlas and axis, is likewise anchylosed to the 
centrum of the latter. This appears to be the view adopted by 
Dr. Baur, who, on page 289 of the memoir cited, observes that in 
Crocodiles “ the hypapophysis (intercentrum) between the axis and 
atlas is probably coodssified with the anterior and lower part of the 
axis-centrum, as in Birds and some Dinosaurs.” 

The present instance of the persistence of this second inter- 
centrum as a separate ossification in a Wealden Dinosaur is a 
circumstance of considerable interest, apparently pointing to the 
derivation of the order from Reptiles in which this was always the 
case. Whether any of the earlier Crocodiles exhibit a similar 
feature will be a matter for future investigation. 


III. Femur or an Ieuanopont Dinosaur FROM THE Ox¥FoRD 
CLAY NEAR PETERBOROUGH, 


The only evidence hitherto recorded of the existence of Iguano- 
dont Dinosaurs in England during the period of the Oxford Clay is 
based upon a right femur described and figured by Prof. Seeley in 
vol. xxxi. p. 149, pl. vi. of the Society’s ‘Journal’ for 1875, under 
the name of Cryptosaurus eumerus. That specimen, of which the 
precise locality seems to be unknown, is preserved inthe Woodwardian 
Museum at Cambridge, and indicates a comparatively small species, 
its total length being 12°25 inches. The grounds on which that 
specimen was made the type of a distinct genus are stated to be 


* See Baur, Amer. Nat. vol. xx. pp. 288-293 (1886). 
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the extreme stoutness of the shaft and the total absence of a dis- 
tinct distal imtercondylar groove on the anterior aspect. The 
name Cryptosaurus is, however, preoccupied by Geoffroy, and this 
form, assuming it to be distinct from other types, accordingly 
requires a new generic name, for which I would propose Crypto- 
draco. 

During a visit to the collection of Reptilian remains from the 
Oxford Clay near Peterborough in the collection of Mr. A. N. Leeds, 
of Eyebury, I was shown the left femur of an Iguanodont Dinosaur, 
which I thought might perhaps prove identical with Cryptodraco, 
This specimen the owner has kindly permitted me to bring to the 
notice of the Society. The middle portion of the shaft has been 
considerably crushed and broken, but both extremities are entire. 
The shaft agrees with that of the femur of Hyszlophodon and of the 
North-American Camptosaurus (Camptonotus), and differs from that 
of Iguanodon in its markedly forward arcuation. The inner tro- 
chanter has lost its free extremity, but the basal portion shows that 
it is of the ‘‘ pendant ” type characteristic of the two former genera, 
and not of the “ crested ” type found in Jguanodon*. The anterior 
intercondylar groove is slightly less developed in this specimen than 
in either of the Wealden genera, but it is still present. Compared 
with the type of Cryptodraco this bone differs very widely, so that 
there can be no doubt as to both its specific and generic dis- 
tinctness. Thus it is much more slender; its shaft more curved ; 
the head smaller instead of larger than the great trochanter; 
the lesser trochanter thinner and taller; and the distal end less 
flattened, and with a distinct intercondylar groove. The inner 
trochanter is wanting in the larger bone. 

Leaving, then, the femur of Cryptodraco on one side, as indicating 
a totally distinct form, we may look around for other described 
Iguanodonts with which to compare our specimen. 

The close relationship existing between the Reptiles of the Oxford 
and Kimeridge Clays (those of the former being frequently some- 
what smaller than their allies of the latter) suggests that the present 
form may be closely allied to Jguanodon Prestwichti of the Kimer- 
idgian, which was described some years ago by Mr. Hulke in 
our ‘ Journal,’ and which Professor Seeley last year proposed to 
separate generically under the name of Cumnoria. The entire femur 
of that form is unfortunately unknown, but it could evidently have 
been only slightly larger than the present specimen, with which 
(as I have satisfied myself by personal examination) the terminal 
extremities agree very closely. Evidence of affinity between that 
species and Camptosaurus is shown by the angulated and flattened 
hemal surface of the sacral vertebra, and by the absence of anchy- 
losis between these centra. Having, therefore, two Iguanodonts 
from contiguous deposits, both of which show marked signs of 
affinity with Camptosaurus, the presumption becomes very strong 
indeed that they are closely allied. There is, indeed, no decisive 


* Attention is directed to these two types by M. L. Dollo in an interesting 
article published in the ‘ Bull. Sci. France et Belgique,’ 1888, pp. 215-224. 
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evidence to prove that the present specimen indicates a form speci- 
fically distinct from the species from the Kimeridge Clay; but since 
most of the Sauropterygians of the Kimeridge are distinct from 
those of the Oxford Clay, I think it highly probable that the same 
may hold good with the Dinosaurs, and I therefore propose to 
provisionally regard the present specimen as the representative of 
a distinct species which may have been somewhat smaller than 
Iguanodon Prestwichi. 

With regard to the generic name, I may observe that, in a paper 
communicated last year to the Society’s ‘ Journal,’ it was stated that I 


Inner aspect of the left femur of Camptosaurus Leedsi; from the Oxford Clay 
near Peterborough. 43 nat.size. a, head; 0, lesser trochanter; c, inner 
trochanter ; d, intercondylar groove; é, inner condyle. 


was not then satisfied as to the necessity of separating J. Prestwichit 
from Iguanodon. The features shown by the present femur (assum- 
ing that I am right in regarding it as indicating a form allied to 
that species) totally alter the case; and since I can see no characters 
by which either this specimen or J. Prestwichi can be separated from 
Camptosaurus, 1 propose to refer both the Kimeridgian and Oxfordian 


48 MR. R. LYDEKKER ON THE REMAINS AND AFFINITIES 


species to that genus under the respective names of C. Prestwichi 
and ©. Leedsi, and thus relegate Cumnoria to the rank of a 
synonym, till it can be shown to have well-marked distinctive 
features. 

So far nothing has been said as to how the present specimen can 
be distinguished generically from the femur of Hypsilophodon ; 
I find, however, that its inner trochanter is rather more wing-like 
in shape than in that genus. In a recent number of the ‘ Geolo- 
gical Magazine’ * I have called attention to an imperfect femur in 
the British Museum (No. R. 167) tf from the Wealden of the Isle of 
Wight, which has been referred to Hypsilophodon, and have suggested 
that, together with a mandibular ramus (No. R. 180)+ from the 
Wealden, hitherto regarded as that of a young [guanodon, it. pro- 
bably indicates a form allied to Camptosaurus. A comparison of 
this femur with the subject of the present communication shows 
such a close similarity between the two that there is every proba- 
bility of their generic identity ; and since there is no other evidence 
of the existence of a Hypsilophodon of these dimensiuns, I propose 
to apply the name Camptosaurus valdensis to the Wealden form, of 
which I take the femur as the type, and provisionally associate with 
it the mandibular ramus. 

I may add that the ilium of the type species of Camptosaurus is 
remarkable for the extreme shortness of its preacetabular process. 
We have no evidence of the contour of this portion in C. Prestwichi ; 
but even if there should be a difference in this respect I should not 
be disposed to regard it as of more than specific value. Finally, I 
see no reason to remove Jguanodon Dawsoni, of which I published 
the description in the above-mentioned paper, from the type genus. 


LY. On tHe SKELETON OF A SAUROPTERYGIAN FROM THE 
Oxrorp CLay NEAR BEDFORD. 


On page 139 of his ‘Index to the Fossil Remains of Aves, Ornitho- 
sauria, and Reptilia in the Woodwardian Museum at Cambridge,’ 
published in 1869, Professor Seeley applied the name Plescosawrus 
philarchus to the greater part of the skeleton of a Sauropterygian 
from the Oxford Clay of Peterborough, which was collected by Dr. 
H. Porter, and is preserved in that Museum. The type specimen 
comprises part of the cranial rostrum, the nearly entire mandible, 
with the teeth broken off, the vertebral column, and the pectoral and 
pelvic limbs, with portions of their respective girdles. 

Unfortunately, none of these remains have ever been figured, and 
it appears to me somewhat doubtful whether the description is 
sufficient for the definition of a species. Since, however, by in- 
spection of the specimen itself, I have been enabled to satisfy myself 
of its specific identity with the subject of the present notice, I 
shall adopt the specific name without further parley. 

* Decade iii. vol. v. p. 453 (1888). 


t Cat. Foss. Rept. Brit. Mus. pt. i. p. 195 (1888). 
t Ibid. p. 227. 
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In the original description it is stated that the mandible is 29-5 
inches in length, of which 9°5 inches are occupied by the sym- 
physis; and that the teeth rapidly decrease in size towards the 
proximal end of the jaw, in which region they are very small. 
There remain 18 true cervical vertebra *, of which the centra are 
slightly cupped, and the cervical ribs are short and wide. The 19th 
to the 24th vertebre are described as ‘ pectoral,’ and comprise those 
which are transitional between the true cervicals and dorsals, and 
are characterized by the neurocentral suture descending in a V onto 
the centrum; while the 25th to the 46th are reckoned as dorsal. 
With the exception of some remarks on the humerus and femur, 
the above constitutes the gist of the original description. 

Some months ago Mr. G. C. Crick, F.G.S8., of the British (Natural 
History) Museum, brought to my notice a considerable portion of 
the skeleton of a medium-sized Sauropterygian, obtained from the 
Oxford Clay of Green-End, Kempston, about three miles south-west 
of Bedford, which at once struck me as presenting several interesting 
features. This specimen (which has been presented to the Museum 
by Mr. Crick, Sen.) I was enabled, during a visit to Cambridge, as 
already mentioned, to identify with Plesiosaurus philarchus. When 
found, I have no doubt that the skeleton of this example was entire, 
but it has been sadly broken up during its extraction by the clay- 
diggers. The portions remaining comprise several upper teeth in 
very beautiful preservation ; the greater portion of the mandible, of 
which the symphysial region is entire, although the crowns of the 
teeth have been broken off; a considerable number of vertebre, 
mostly from the dorsal, lumbar, and caudal regions; the greater 
portion of the two pelvic and pectoral limbs, and a considerable 
part of the corresponding girdles. I have also had the opportunity 
of examining several more or less nearly entire skeletons of the 
same species from the Oxford Clay near Peterborough, in the col- 
lection of Mr. A. N. Leeds of Eyebury, near that town, which have 
afforded important aid in determining the true affinities of this 
species. In the main my description will be based on the Bedford 
skeleton, but I shall supplement its deficiencies by reference to the 
other specimens. 

It will save trouble to state at starting that I regard this form as 
indicating a new genus, for which I shall propose the name Pelo- 
neustes. 

Commencing the description with the mandible, it appears that, 
on the right side there are 38 teeth, and since the symphysis slightly 
exceeds 9 inches in length, it will be evident that this specimen 
accords exactly in these respects with the type. And it may be 
added that another mandible from the Oxford Clay of Peterborough 
in the British Museum (No. 47411) also agrees with these 
dimensions. The first seven mandibular teeth are very large; the 
eighth is somewhat smaller; while the 9th and following teeth are 
considerably smaller. Thirteen teeth are included in the symphysis. 


* Professor Seeley counts the conjoint atlas and axis as a single vertebra. 


Q.J.G. 8. No. 177. E 


a oe 
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The symphysis and portions of the rami of the mandible are shown 
in Plate II. fig. 1. In its very long symphysis this mandible 
differs widely from that of the typical Liassic Plesiosaurus dolicho- 
dirus, in which there are only three or four teeth in the symphysis. 
In some species of Plesosawrus (using this term in its restricted 
sense) the symphysis tends, however, to become longer, as is shown 
in the jaw of P. rostratus of Owen, where there appear to be six or 
seven of these teeth. No Plestosaurus has, however, a symphysis 
of the length of that in the present specimen, or such a large 
total number of teeth. In both these respects the form under con- 
sideration agrees much more nearly with the type mandible of the 
genus Pliosawrus, figured on page 343 of Phillips’s ‘ Geology of 
Oxford,’ in which there are at least 35 teeth, of which some 12 
are included in the symphysis. Further indications of Pliosaurian 
affinities are, moreover, shown by the teeth themselves, of which an 
entire specimen from the anterior part of the upper jaw is shown in 
the accompanying woodcut (fig. 4). The crown of this tooth, in place 


Upper tooth of Peloneustes philarchus. (Nat. size.) 3 


of being regularly conical, with the flutings running continuously 
from base to summit on all sides, has two distinct carine marking 
off a lateral surface which is less convex than the rest of the crown, 
and has but very few flutings, or ridges, which are confined to the 
basal half. On the more convex portions of the crown the flutings 
also stop short of the summit, and are of the bold type and irregular 
length characteristic of Pliosaurus. Although these teeth are de- 
cidedly different from those of the typical form found in Phosaurus 
brachydirus, yet they closely resemble in structure other Pliosaurian 
teeth of larger size from the Oxford and, more rarely, the Kimeridge 
Clay. 

Several teeth from the Great Oolite of Caen, in Normandy, pre- 
served in the British Museum (No. 32608), agree almost precisely 
in structure with those of the present form, although they are of 
larger size. Similar teeth from the same deposits were described 
by Deslongchamps under the name of Porkiloplewron Bucklandi ; 
but their Sauropterygian character was pointed out by M. Sauvage*, 
who referred them to his genus Liopleurodon, of which the type species 
may be included in Pliosaurus. Ihave, however, no doubt that these 
teeth are really referable to Thawmatosaurus oolithicus, a Sauroptery- 
gian from the Lower Jurassic of Wiirttemberg, described at a much 
earlier period by Meyer, of which more anon. 

The cervical vertebre being absent in the Bedford specimen, their 


* Bull. Soc. Géol. France, sér. 3, vol. i. p. 378 (1878). 
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characters must be sought from other examples. In the Cambridge 
specimen the cervical ribs are anchylosed to the centra, but the 
attachment is of a deep and subpyramidal form, quite different from 
that occurring in Jurassic Sauropterygians like the so-called Plesio- 
saurus Manseli, and exhibits indications of the presence of double 
costal facets inthe young. Such double costal facets are shown in the 
skeleton of two immature individuals in the collection of Mr. Leeds. 
The cervical centra are short, with slightly cupped terminal faces. The 
number of cervicals in one of the specimens in the latter collection 
is 21, which seems to indicate that some are missing in the Cambridge 
specimen. The dorsal and lumbar vertebree do not afford any very 
important characters, although it appears that the neuro-central 
suture is persistent. Of the pectorals or lumbars of the Bedford 
specimen an imperfect example is represented in Pl. IT. fig. 3, while 
the centrum of a caudal is shown in fig. 2 of the same Plate, the 


Coracoids of Peloneustes philarchus, restored and reduced. gi, glenoid facet. 


sutural union of the arch with the centrum being well shown in the 
former figure. 

When the specimen came to the Museum the pectoral and; pelvic 
girdles were in a multitude of fragments: but with great patience 
Mr. Lingard, one of the Attendants in the Geological Department, 
has succeeded in joining many of these together, so that the general 
plan of structure can be determined. In the pectoral girdle (in 
which I follow, in the main, the interpretation of the component 
bones given by Mr. Hulke in his Presidential Address to our Society 
in 1883) considerable portions of the two coracoids and scapule have 
been pieced together. The former are placed in their natural position 
in the accompanying diagram (fig. 5), with an approximate restoration 

EQ 
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of the posterior portion. These coracoids closely resemble the cor- 
responding bone of Pliosaurus Hvansi figured on p. 722 of vol. xxxiii. 
of the Society’s ‘ Journal,’ by Professor Seeley *. The precise con- 
tour of the scapule in the Bedford specimen cannot be deter- 
mined, and this deficiency has accordingly been supplemented by 
fig. 6, which is taken from one of the specimens in the collection of 
Mr. Leeds. It will be seen from this figure that the ventral plates 
of the scapule were separated in the median line by a very small 
and triangular omosternum, and that there appears to have been no 
median bar connecting the former with the coracoids. The contour 


Fig. 6. 


Anterior part of pectoral girdle of Peloneustes philarchus, viewed from the 
ventral aspect. om, omosternum ; s¢., scapula; p.cor., ventral (precoracoidal) 
plate of do. (Reduced.) 


of the entire scapula is undistinguishable from that of the eorre- 
sponding bone, commonly and, I believe, rightly referred to Phiosaurus, 
and is quite distinct from that of Liassic species of Plesiosaurus. The 
presence of the omosternum and the absence of the median bar 
connecting the ventral plate of the scapule with the coracoids 
widely distinguishes this type of pectoral girdle from that occurring 
in those Jurassic and Cretaceous Sauropterygians which I have 
recently proposed t to include in the genus Cimoliosaurus, which is 
taken to embrace both Elasmosaurus and Polycotylus of Prof. Cope, 
and Colymbosaurus and Murcnosaurus of Prof. Seeley. 

In the pelvic girdle there remains one nearly entire’ pubis, 
a fragment of the corresponding bone of the opposite side, and the 
acetabular portion and a large part of the outer border of the two 
ischia. In regard to the pubis (fig. 7) I have no observation to make. 
The ischia are very imperfect, but sufficient remains of the specimen, 
shown on the right side of fig. 8, to indicate the general contour, 
which is well shown in one of the specimens in the collection of 
Mr. Leeds. I find an ischium of precisely similar type, although of 
rather larger dimensions, in the British Museum (No. 47325), from 
the Kimeridge Clay of Swindon, which has been introduced on the 
left side of figure 8, although it is probably referable to a distinct 

* Originally regarded as an ischium, but redetermined in the Geol. Mag. 


decade iii. vol. iv. pp. 478-479 (1887). 
t Geol. Mag, decade iii. vol. v. p. 356. 
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species This type of ischium is longer than that of the typical species 
of Plesiosaurus, and is quite undistinguishable from that of Pliosaurus, 
of which there is an enormous specimen in the collection of Mr. M. 
Fisher of Ely. 


In the limbs, the humerus (fig. 9) and femur respectively articu- 
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Ischia of Peloneustes. The specimen on the right side is from the Kimeridge 
Clay, and that on the left from the Bedford specimen. (Reduced *.) 


late with only two bones, which still retain evidence of their 
original character as ‘“‘long bones,” and are separated by a distinct 
interval. 


Having now reached the end of the description of this interesting 
* The artist has made an error in this figure, since the specimen on the 


right should have been restored simply from that on the left, which merely 
required the reproduction of the antero-internal angle. 
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form, it remains to consider its generic position. At the time 
when I first brought the subject of this part of my paper under the 
Society’s notice, I was inclined provisionally to employ the term 
Plesiosaurus in the wide sense in which it has been used by Mr 
Hulke. Subsequent experience has, however, led me to the con- 
clusion that it is advisable to separate from that genus not only those 
Post-Liassic forms which I have already incidentally mentioned under 
the name of Cimoliosaurus, but also the present species and certain 
kindred forms. I shall confine, then, the name Plesiosauwrus to 
those Sauropterygians having a neck of considerable length, compa- 
ratively small heads and teeth, the cervical vertebra more or less 
elongated, and usually with double costalfacets and firmly anchylosed 
arches, and the pectoral girdle with a comparatively large omosternum, 


Fig. 9. 


Part of pectoral limb of Peloneustes philarchus. (About 4.) 
fe, humerus ; ¢, radius; Jf, ulna; 7’, radiale; 7, intermedium; /", ulna e. 


formed of two elements; the scapule being widely separated in the 
ventral middle line, with a small and concave ventral surface, and a 
very large dorsal portion extending throughout the length of the bone, 
and no median union between their ventral portion and the coracoids. 
In those forms which I propose to include in Cimoliosaurus the 
neck is usually greatly elongated; the head and teeth are very 
small; the cervical vertebree are more or less elongated, with single 
costal facets, and often complete anchylosis of the arches and ribs 
with the centra; while the pectoral girdle is devoid of an omoster- 
num, and has the ventral part of the scapule very large and flat, 
and the dorsal part greatly reduced in size, the ventral plates 
meeting in the median line, and sending down a median bar to join 
the coracoids, which are produced in the middle in advance of the 
glenoid cavity. This genus I regard as a branch in one direction 
from Plesiosaurus, while another branch has culminated in Plio- 
saurus. In the latter branch I would place the so-called Plesio- 
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saurus Crampton of the Upper Lias, which Prof. Seeley has made 
the type of the genus Rhomalcosaurus, and which is characterized 
by its enormous head and teeth, short mandibular symphysis, and 
short neck, in which the vertebre are comparatively few in number, 
with short centra, having deeply cupped faces, and carrying double 
costal facets, and with firm articulation of the arches. The pecto- 
ral girdle is unknown in this form; but in the Lower Liassie Plesio- 
saurus megacephalus, as well as in the closely allied P. arcuatus of 
Owen, in which the head and neck exhibit all the generic characters 
of the so-called Rhomalcosaurus, this part of the skeleton is shown. 
It has an extremely large omosternum, forming a shield-like plate, 
with a long wide notch on the anterior border, and apparently 
consisting of a single element; the scapule and coracoids being of 
the general type of those of Plesiosaurus. Mention has already been 
made of the large Sauropterygian founded upon vertebre and teeth 
from the Great Oolite, to which the name Thawmatosaurus oolithicus 
has been applied ; and a comparison of the figures of these speci- 
mens with Plesiosawrus Cramptoni fails to show even a specific dis- 
tinction between the two, although this might be indicated if fuller 
materials were available. Since, therefore, I fail to see any charac- 
ters by which Rhomaleosaurus can be distinguished from Thawma- 
tosaurus, I can but include the former in the latter genus. The 
cervical vertebre of Thawmatosaurus, although they agree with 
those of the present form in their short centra and double costal 
facets, are distinguished by their deeply cupped, in place of nearly 
flat, terminal facets, and are thereby also distinguished from 
those of Phosaurus. Vertebre of the type of those of Thaumato- 
saurus occur from the Lias to the Kimeridge Clay, the species 
of the latter horizon having been long ago described by Cuvier 
as Plesiosaurus carinatus. With regard to the generic position 
of the species forming the subject of this communication, I may 
observe that before I had satisfied myself as to the difference of 
its cervical vertebre from those of Thaumatosaurus, and also as 
to the nature of the pectoral girdle of any of the species which I 
include in the latter, I considered* that the species in question 
might enter that genus, since I did not regard the elongated man- 
dibular symphysis as necessarily indicative of generic distinction. 
The pectoral girdle of P. arcuatus is, however, so totally different 
from that of the Oxfordian form that I can no longer maintain this 
view; especially with the concomitant difference in the cervical 
vertebre. I cannot, moreover, very well include the present form 
in Pliosaurus, from which itis distinguished by the firm articulation 
of the arches with the centra of the vertebre, and the longer epipo- 
dial bones; and I therefore—much as I dislike proposing new 
generic terms—feel bound to refer it to a new genus, for which I 
think the name Péloneustes will be appropriate. The Kimeridgian 
vertebra to which Professor Seeley has applied the name Plesiosaurus 
sterrodirus will belong to the same genus, and also the femur 
described by Phillips as P. equalis. 
* Geol. Mag. decade iii. vol. v, p. 353 (1888). 
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This genus forms a link connecting other forms with Pliosaurus, 
and will be characterized by its comparatively short neck, large 
head and carinated teeth, elongated mandibular symphysis, short 
eervical vertebrx, having double costal facets and fiattened terminal 
faces, with complete anchylosis, in the adult, of the arches and ribs 
with the centra. In the pectoral girdle there is a small omo- 
sternum ; the scapule have a flattened and large ventral surface, 
the dorsal portion being smaller than in Thaumatosaurus; and the 
coracoids have no distinct median production in advance of the line 
of the glenoid cavity. Inthe limbs the epipodials are less elongated 
than in the last-named genus. Finally, Pliosaurus itself is dis- 
tinguished by its still larger head and teeth; the still shorter neck, 
in which the vertebre are less elongated and more flattened, the 
costal facets are more distinctly double, and the arches and ribs unite 
merely by synchondrosis with the centra. The pectoral girdle is of 
the same general type ; but the omosternum may have been totally lost. 
Both genera have similarly elongated ischia; but the epipodials of 
Pliosaurus have become so shortened as to lose all resemblance to 
*‘ long bones.” 

With the evidence of Peloneustes before us we now have am 
almost continuous chain connecting the genus Plesiosawrus with 
Pliosaurus, the course of evolution being directed towards a gradual 
increase in the size of the head, in the length of the mandibular 
symphysis, and the size and specialization of the teeth, accompanied 
by a shortening of the neck, which is accomplished by a reduction 
both in the number and length of the component vertebre, and also 
by a tendency to a loose attachment between the centra, arches, 
and cervical ribs of the vertebre, and a reduction in the relative 
length of the epipodial bones of the limbs. That Peloneustes philar- 
chus is the direct ancestor of Pliosaurus is, however, improbable, see- 
ing that the latter genus is already represented in the Oxford Clay. 
Finally, while Pliosaurus forms the culmination of the series just 
indicated, the genus Polyptychodon appears to have been the latest 
development of the series of which the middle term is represented 
by Cimoliosaurus. 


Y. Tae AFFimnitisEs oF GEOSAURUS. 


In a recent number of the ‘ Geological Magazine’ * I have shown 
that the genus Geosaurus, from the Lower Kimeridgian of Bavaria, 
is undoubtedly a Crocodilian allied to Wetriorhynchus; and a 
skeleton of the latter genus from the Oxford Clay near Peterbo- 
rough, lately sent by Mr. A. N. Leeds to the Natural History 
Museum, has enabled me to make a closer comparison between the 
two, of which a summary is now given. First, it appears from 
several skeletons in the collection of Mr. Leeds, as well as from the 
type of Geosaurus, that these Crocodiles have no dermal scutes, but 
that bony plates were developed in the sclerotic of the eye. The 


* Decade iii. vol. v. p. 452 (1888). 
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structure of the pelvis of Metriorhynchus * is very peculiar, and with 
the aid of the above-mentioned skeleton the three elements of this 
girdle can readily be detected, in a somewhat imperfect condition, 
in the slab containing the hinder portion of the type of Geosawrus, 
these bones corresponding in all respects with those of Metrio- 
rhynchus. 

There appears, moreover, to be no doubt that some of the skulls 
described by Wagner under the name of Cricosaurus, which were 
obtained from the same Lower Kimeridgian horizon as Geosaurus, 
are identical with that genus; although one of them, I believe, 
belongs to Metriorhynchus. These specimens, together with a skull 
in the Natural History Museum, show that there was no lateral 
vacuity in the mandible of Geosaurus, and that the upper surface 
of the skull was almost or quite devoid of sculpture. The teeth, as 
shown by several specimens, have laterally compressed crowns 
bearing a pair of well-defined carinz, which are marked by fine 
serrations, their lateral surfaces being smooth and polished. 

In Metriorhynchus, on the other hand, as I gather from Mr. Leeds’s 
examples and those figured by E. Deslongchamps, the upper surface 
of the skull is more or less distinctly sculptured; the mandible, at 
least frequently, has a lateral vacuity: while the teeth have sub- 
cylindrical crowns, without distinct carine, and with the enamel 
marked by longitudinal rugosities. 

These differences would appear to indicate the right of Geosaurus 
and Metriorhynchus to stand as distinct, although closely allied, 
genera. If, however, the genus Dacosaurust, which is likewise of 
Kimeridgian and Oxfordian age, be compared with G'eosaurus, it 
appears that no characters can be detected by which the two are 
distinguishable. Thus the skull has the same absence of sculp- 
ture; the mandible, as Mr. Hulke has shown, has no lateral 
vacuity; and the structure of the teeth is identical. We have, 
indeed, no evidence as to the presence of sclerotic plates, but 
the absence of scutes is very noticeable in the imperfect skeleton 
described by Mr. Hulke. In the absence, therefore, of any ap- 
parent distinction, I think the genus Dacosaurus must be merged 
in the earlier Geosaurus, in which the type species was originally 
placed by Plieninger. 

The Metriorhynchine, or Geosaurine, will therefore be a sub- 
family of the Teleosauride, containing the genera Geosaurus and 
Metriorhynchus, and typically characterized, in addition to the fea- 
tures pointed out in the diagnosis given in the ‘Catalogue’ above 
cited t, by the absence of dermal scutes and the presence of sclerotic 
plates. Crocodilemus of Jourdan§ has a well-developed armour, 
and is therefore entitled to distinction from Metriorhynchus; but 


* An interesting paper on the skeleton of Metriorhynchus has been recently 
read by Mr. Hulke before the Zoological Society. 

Tt Including Steneosaurus Manseli, Hulke, = Plesiosuchus, Owen. See the 
writer’s ‘Catalogue of Fossil Reptilia and Amphibia in the British Museum,’ 
pt. i. p. 92 (1888). 

t Page 91. § lbid. p. 98. 
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whether it should remain in the same family cannot be determined 
until the characters of the skull are fully known. 

Before leaving this subject it is well to call attention to the cir- 
cumstance of the absence of dermal scutes in this group of Croco- 
diles being accompanied by the development of sclerotic plates, 
although I am unable at present to assign any reason for this 
correlation. 


EXPLANATION OF PLATE I. 
Peloneustes philarchus (Seeley), from the Oxford Clay near Bedford. 


Fig. 1. Palatal aspect of greater part of mandible. 3 nat. size. 
2. Posterior aspect of centrum of caudal vertebra. c. Chevron-facet. Nat. 
size. 
3. Terminal aspect of imperfect pectoral or lumbar vertebra. Nat. size. 


Discussion. 


Prof. SseLey remarked that the difficulties presented by such 
materials as were before the Society would justify great caution in 
accepting the interpretation offered, and he was not prepared to 
offer serious criticisms without having the materials before him on 
which they might be based. It was probable that Syngonosaurus, 
formerly referred to the Dinosauria, belonged to the group which 
he preferred to name Ornithischia. He was glad to find that the 
Author was disposed to separate the Iguanodon Prestwichit from the 
genus to which it had been referred. If the femur of which a cast 
was exhibited was referable to the same species, it fully justified 
that conclusion; but nothing was known of the femur of Campto- 
saurus from specimens in this country, and he would only mention 
the opinion given generally by Prof. Marsh that no American genus 
of Reptiles could be with certainty identified as occurring in 
Britain. He thought the characters which had been pointed out 
made it convenient to refer the type of Jguanodon Prestwichit to 
the genus Cumnoria. 

The Plesiosaurians were first divided by Cope into two families 
on characters drawn from the shoulder-girdle. Prof. Seeley had 
found further modifications in the Reptiles of this country to which 
generic names had been given, because the vertebral column, the 
limbs, and, in some cases, the skull furnished confirmation of their 
generic differences. He might remark that, after studying the 
types of Von Meyer’s genus Thaumatosaurus, he was convinced that 
both in the teeth and in the vertebral characters it is identical with 
Pliosaurus. But Pliosaurus varied so much in its different repre- 
sentatives that he was not prepared to say that every Pliosaurian 
reptile belonged to the genus Pliosaurus. Whether the genus Pélo- 
neustes was distinct from types already described might require 
consideration, but he believed that further research would sustain 
the genera of Plesiosaurians which he had already established. 

The AvurHor, in reply, observed that, immediately before departing 
for America, Prof. Marsh informed him that he regarded certain 
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Wealden remains in the British Museum as referable to the 
American genus Morosaurus, and that he also considered Omosaurus 
(preoccupied) inseparable from Stegosawrus—with both of which 
conclusions the Author concurred. In referring the femur described 
above to Camptosaurus, the Author stated that, as he could find 
no points of distinction, he followed his usual rule of regarding 
forms as generically identical until they could be proved to be 
different, in preference to the opposite course. 

With regard to the statement that Thawmatosaurus should be 
included in Pliosaurus, the Author mentioned that the former was 
from the Great Oolite ; and observed that if that view was main- 
tained it would be necessary to include in the same genus the 
species (Plesiosaurus Cramptoni) on which Rhomaleosaurus was 
founded, as well as other allied types with a short mandibular 
symphysis and a peculiar type of pectoral girdle, and also the form 
described above as Peloneustes, all these forms having more or 
less triangulated teeth. The points on which the Author differed 
from Prof. Seeley in regard to the so-called Elasmosaurians were 
merely ones of degree, the Author preferring to use a generic term 
in the sense in which Professors Cope and Seeley employ a family 
one. 
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3. On Foxrevrites from Monte Viso. By Franz Rutiey, Esq., 
F.G.S., Lecturer on Mineralogy in.the Royal School of Mines. 
(Read an sinker Bi 5, 1888.) bs 


[Puate IIT] 


Tue specimens described in this paper were collected within six or 
seven feet of the summit of Monte Viso (about 12,680 feet above 
the sea-level) by Mr. James Eccles, F.G.S., who kindly forwarded 
them to me for examination. 

The larger one, fig. 1, Pl. ae is a piece of compact bluish-grey 
rock, about 63 inches long by 1? inch in its greatest breadth. In 

one part it shows a delicate ‘banding, the direction of which is in- 
dicated by an arrow, 6, placed on the left of the figure. This- 
banding, however, is not distinctly visible on the surface represented, 
although it is well defined on the back of the specimen, which is 
bounded on one side by a smooth joint-plane, ¢¢, upon portions of 
which a thin crust of fulgurite-glass has been formed. The outer 
surfaces are far less even ; but if not actually joint-planes, they have, 
at all events, been directions of easy fission, suggestive of a system of 
intersecting joints, and these, in several parts, are incrusted with 
minute pellets and thin films of fulgurite-glass. 

The surface shown in fig. 1, Pl. III. (matural size), has been 
ploughed out by lightning, the track being marked by curved and. 
ponebing hemicylindrical furrows, a a, varying from about 3 inch 
to =|, inch in diameter. 

These tubes are lined with a thin crust of dark brown, vesicular 
fulgurite-glass, and one of the smallest branches of the longest tube 
is completely filled with thissubstance. The approximate thickness 
of the glassy lining of part of a tube is shown in fig. 2, Pl. II1., 
while the slaggy and vesicular character of the vitrified surface is 
represented in fig. 3, Pl. IT1., as seen under a very low magnifying- 
power, where aa represents a portion of one of the lightning-tubes 
with its glassy lining; 6, adelicate band in the rock due to foliation, 
and f some minute grains of fulgurite-glass adhering to the surface 
of the rock and situated at a slight distance from the left wall of 
the tube. This drawing was made from a specimen considerably 
smaller than the one first described, and it shows only part of asingle 
tube having an average diameter of 3 inch. 

Before describing the microscopic characters of the fulgurite-glass 
it may be well to give some account of the mineral constitution of 
the rock from which, through fusion, the glass has been formed. 

When a thin section of this rock is examined under the micro- 
scope, a general schistose and, in places, an almost fibrous-looking 
structure is visible, due to an intimate admixture of glaucophane and 
epidote, the former of a pale blue, the latter of a pale yellowish 
colour. 

The glaucophane appears, as a rule, in imperfectly developed 
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prisms, seldom, if ever, showing any distinct terminal faces; while 
much of it seems to consist of minute grains and extremely small 
prisms, mixed with a considerable amount of epidote. The angle 
of the prism in one or two sections of glaucophane, taken transversely 
to the vertical axis, was similar to that of hornblende, 124° to 125°. 
In orthopinacoidal sections, apparently those chiefly seen in the 
slides which have been prepared, the pleochroism is well marked, vi- 
brations parallel to e=pale yellowish-green to greenish-blue, while 
those parallel to h=lavender-blue, the absorption being ¢ >, as in 
the glaucophane of Otakisan in Japan described by Prof. B. Koté*. 

The extinction-angle in a clinopinacoidal section, measured with a 
Bertrand’s stauroscope-ocular, is about 5° only. The prisms are very 
eommonly traversed by transverse fissures, as in actinolite. In one or 
two of the slides a little diallage occurs, sometimes enclosing numerous 
crystals of glaucophane, so that the extinction-angle cannot be clearly 
ascertained ; some small patches of diallage, however, appear to ex- 
tinguish at an angle of about 39° to the direction of the characteristic 
separation-planes or cleavages (7. ¢. to coo Po or 100). The mineral 
is of a pale-greenish tint, exhibits scarcely a trace of pleochroism, 
and shows no definite crystallographic boundaries. 

In most, if not in all, of the sections prepared from this rock 
numerous little crystals are present, which are either partially or 
wholly opaque, and which, where they transmit light, appear of a 
more or less deep brown colour. Their partial or entire opacity is 
due to the presence of a decomposition-product, which, by surface- 
illumination, is seen to be white. Owing to the prevalence of this 
opaque matter the character of the pleochroism cannot be made out. 

These crystals appear, in section, mostly as very acute rhombs, of 
which the obtuse angle ranges between 130° and 140°. The mean 
of five careful measurements gave 135° 36’. It seems therefore 
very probable that these crystals are sphene in an advanced stage of 
alteration. One measurement gave 136° 15’, which is almost the 


angle between the faces $ P 2, or 123 : 123 in sphene, while several 
others gave approximately 133°, which is nearly the angle of the 
prism. It would be unsafe, however, to attach much importance 
to these measurements, since, owing to the opacity of the crystals, it 
is impossible to determine, by means of optical characters, in what 
directions they are cut. The epidote present in the rock occurs 
mostly in small, irregularly shaped or rounded grains, seldom in 
distinct crystals. 

A very striking feature in sections of this rock is the presence of 
erystals of garnet, which, viewed by transmitted light, appear nearly 
colourless or of pale yellow or yellowish-green tints. They are, for 
the most part, of very irregular form, are strongly fissured, and seldom 
show any definite crystallographic boundaries, although occasionally 


* “ A Note on Glaucophane,” Journ. Coll. Sci. Imp. Univ. Tokyo, vol. i. 
pt. 1, p. 4. 

+ Dr. F. H. Hatch, to whom I have since submitted the sections, is also in- 
clined to regard these crystals as altered sphene. 
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sections are seen which may be referred to rhombic dodecahedra. 
They are isotropic. 

From the foregoing observations it appears, therefore, that the 
rock is a glaucophane-epidote schist in which garnet, sphene, and 
oceasionally diallage are present. 

Fig. 1 shows the general appearance of a section of this 
glaucophane-schist, as viewed in ordinary transmitted light and 
magnified 120 linear. The large irregularly shaped crystals are 
garnet, the brown and partly opaque crystals, of which two are shown 
at the bottom of the figure, are sphene, while the remainder consists 
of blue glaucophane and yellowish or yellowish-green epidote. 

Professor Judd considers that the rock somewhat closely resembles 
the glaucophane-schists and eclogites of the [le de Groix, off the coast 
of Brittany, described by Dr. Barrois. Inthe association of glauco- 
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Glaucophane-Schist, x 120. 


phane with epidote it also resembles the glaucophane-schist described 
by Professor Koté, to whose kindness I am indebted for specimens of 
the Otakisan rock. It is also possibly allied, to some extent, in min- 
eral constitution to the glaucophane-eclogite of the Val d’Aoste, 
described by Professor Bonney *. 

The summit of Monte Viso is stated by Studer to consist of 
serpentine ; but, prior to any microscopic examination of the rock, 
Mr. Eccles expressed his belief that it was probably what Prof. Studer 
had described as “‘griéne Schiefer,” and certainly not serpentine, 
although Mr. Eccles remarks that serpentine is not unfrequently 
associated with the “ griine Schiefer.” 

I have to thank Professor Judd for kindly allowing sections from 


* Mineralogical Magazine, Dec. 1885. 
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these specimens to be made in the Science Schools at South Ken- 
sington, and Mr. Chapman has been most successful in the exceed- 
ingly delicate and difficult operation of preparing slices of the rock 
with portions of the fulgurite-glass adhering to the surface. 

Having described to some extent the nature of the rock itself, 
these vitreous incrustations will now claim our attention. Before 
the sections were prepared, a few small pellets of fulgurite-glass were 
scraped from the surface of one of the specimens, crushed, and ex- 
amined under a quarter-inch objective. Two rod-like microliths 
(longulites) were first observed in a small fragment of glass which 
was picked with the point of a knife from one of the surfaces, either 
of fracture or rough cleavage, on the larger specimen, fig. 1, Pl. IIT. 
These microliths were, when first seen, situated at a slight distance 
from one another; but, owing to the viscidity of the balsam in 
which they were mounted, it was found that after an hour or more 
the smaller one had shifted its position, so as to come in contact: 
with the larger microlith. Evidently, then, one of these rod-like 
bodies was free to move, and was not imbedded in the glass-fragment, 
a circumstance which necessarily raised the question whether the 
other was also unattached. 

Another small sample was consequently taken, also from a frac- 
tured surface of the rock, and crushed, so that the fragments might 
be thin enough for microscopic examination. Here, again, microliths 
appeared, not only on or in the fulgurite-glass, but also in consider- 
able numbers in the fine powder which resulted from the crushing of 
the fragments. 

Thinking it might be possible that they belonged rather to the 
rock itself than to the actually fused rock-matter, another minute 
pellet of fulgurite-glass was removed, and, on examining it with a 
lens, a small quantity of the rock was found adhering as a film to 
the surface of the pellet where it had been detached. 

To avoid any such source of error, a very small blister of fulgurite- 
glass was removed from the interior of one of the lightning-tubes. 
(a, fig. 1, Pl. III.), where the lining of vesicular glass was sufficiently 
thick to insure perfect isolation of the glass from the rock. This, 
when crushed and examined under a power of about 250 diameters,. 
showed that the glass is, as a rule, remarkably pure, but that not only 
gas-bubbles but globulites occur in it, in places, and these occasion- 
ally form margarites and longulites, some of the rod-like bodies which 
come under the last denomination distinctly exhibiting double 
refraction. A few of the better-formed examples can be proved to 
lie within the fulgurite-glass, since adjacent globulites can be 
brought into focus both above and below them. 

I have taken especial pains to verify this point, since, so far as I 
know, this is the first instance of the occurrence of crystallites in: 
fulgurite-glass which has hitherto been recorded. In these speci- 
mens the globulitic and longulitic conditions are frequently visible, 
but the margaritic stage is not so common. Adopting Vogelsang’s. 
terminology, all of these bodies would be included under the name 
of crystallites. A longulite and some globulites are shown in fig. 4, 
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Pl. IIL, as seen under a magnifying-power of 250 linear. Fig. 5, 
Pl. III., shows a few margarites, selected from different fragments, 
while fig. 6 gives a fair idea of the vesicular character of the 
fulgurite-glass, as seen in a fragment taken from the interior of one 
of the lightning-tubes and magnified 120 linear. Fig. 7 represents 
a microlith imbedded in a fragment of fulgurite-glass. This 
microlith shows distinct double refraction, and the direction of 
maximum extinction makes an angle of about 16° to 17° with the 
longest axis. 

In a thin section of excessively vesicular fulgurite-glass taken 
from the specimen represented in fig. 1, Pl. III., there are some good 
examples of microliths which exhibit very distinct double refraction ; 
some of them appear to show parallel, and others oblique extinctions, 
the latter giving an extinction-angle of 15° to 20° with the longest axis. 
That both those showing parallel and those giving oblique extinctions 
are identical seems highly probable, their apparent differences in this 
respect being most likely due to the positions in which they lie in 
the section. That some of them are clinometric is certam. That 
they are all clinometric is probable. In this section globulites are 
also plentiful. They occur either singly or in lines (margarites) 
composed of several globulites, occasionally five in number. Besides 
these linear groupings other arrangements are also seen—groups of 
three globulites massed trefoilwise, as in fig. 8 6, Pl. III, are not 
uncommon, while less frequently cruciform groupings, similar to 
that represented under a in the same figure, may be seen. The 
fulgurite-glass, when viewed by transmitted light, ranges from a 
tolerably deep coffee-colour to pale yellowish-brown or almost 
colourless, according to the thickness. ‘The vesicles in the glass are, 
as a rule, perfectly spherical, and in some instances so numerous 
and closely packed that the glass is quite spongy in character. 

Where the fulgurite-glass comes in contact with the rock the 
latter appears to have undergone no appreciable alteration beyond 
the development of a very narrow band of opaque, white matter, 
resembling the substance of the altered crystals of sphene which the 
rock contains. The band is exceedingly variable in thickness, and 
occasionally thins almost entirely away, as shown in the dark 
irregular belt which crosses fig. 2, where the upper portion of the 
drawing represents the crust of vesicular fulgurite-glass lining one of 
the lightning-tubes, while the lower portion shows the rock (x 120 
linear). In one section a minute, rounded grain of schist, containing 
a fragment of a strongly depolarizing crystal, probably epidote, 
appears to have been taken up in the fulgurite-glass. 

As regards the opaque white band, already mentioned as occur- 
ring at the junction of the glass with the rock, I am much more 
disposed to think that it is due to the presence of altered sphene than 
to any alteration of the rock-surface induced by the action of 
lightning ; for a line drawn through other parts of the section might 
easily pass through crystals and segregations of similar white matter 
of like extent and continuity. If it were an alteration-product 
engendered suddenly by an intense heat we should rather expect 
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to find the rock altered to a uniform depth around the lightning- 
tube *. 

Throughout this paper I have spoken of these ramifying, vitrified 
grooves as tubes, because it is my impression that the lightning did 
not produce these channels upon the exposed surfaces, but actually 
penetrated the rock; and Mr. Eccles informed me that he saw one 
of these tubes penetrating the rock im place; unfortunately, however, 
the difficulty of detaching the piece of stone, without crushing the 
tube, prevented him from securing this most interesting specimen. 
Lightning-tubes more than an inch in diameter, penetrating an 
andesitic rock on the summit of Little Ararat, have also been 
described by Abich as far back as 18707. I think it may there- 
fore be taken for granted that these ramifying channels are portions 
of tubes laid open to us in section by the rock having been split 
along planes of easy fission. 
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Contact of Fulgurite-Glass with Glaucophane-Schist. 


Another interesting problem presents itself in the occurrence of 
minute glassy pellets and thin vitrified crusts on these joint-planes 
and fractures. Their existence is, | think, to be accounted for, if 
we assume that the lightning as it penetrated the rock also split 
and shattered it, preferably in the direction of pre-existing structural 
planes, and, just as a flash may be seen to emanate from the breech- 
‘joint of a rifle when fired in the dark, so we may conceive that the 
flash of the lightning penetrated, and actually prized open, the joint- 
planes in the neighbourhood of the tubes which it formed, in this 
instance fusing the surfaces along which it passed. 

The occurrence of globulites, margarites, longulites, and micro- 
liths in the fulgurite-glass would seem to indicate a less sudden 
cooling of the fused matter than is assumed to be usual in such 


* There are, however, peculiar contact-phenomena to be observed sometimes 
where tachylytic glass comes against a rock-surface, and it is just possible that 
this may be asimilar case. Vide ‘Some Additional Occurrences of Tachylyte,” 
by Grenville A. J. Cole, Quart. Journ. Geol. Soe. vol. xliv. p. 301. 

t Sitzungsb. d. Akad. Wiss. Wien, vol. lx. p. 155. 
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cases; but, be this as it may, these bodies appear, unquestionably, 
to have been formed during the refrigeration of the fulgurite, the 
glass presenting none of the signs which would characterize a 
subsequent devitrification or secondary change. It must be 
confessed, however, that we know as yet nothing of the manner in 
which fulgurite-glasses would undergo devitrification ; but, judging 
from the mineral constitution of this rock, it is possible that we 
might look for somewhat similar changes in a tachylyte. 


EXPLANATION OF PLATE III. 


Fig. 1. Specimen of glaucophane-epidote schist, containing garnet, altered 
sphene, and occasionally a little diallage, from Monte Viso, Cottian 
Alps. aa. Lightning-tubes split open along a joint-plane or uneven 
plane of easy fission. The tubes are lined with a dark-brown glass. 
6. Arrow indicating the general direction of banding or foliation in 
the specimen. cc. Trace of a smooth joint-surface. Natural size. 
2. Section of part of a lightning-tube, showing approximate thickness of 
the glassy lining. Natural size. 
3, ad. Portion of a lightning-tube, showing the slaggy, vesicular character 
of the vitreous lining. 6. Narrow band, due to foliation and lying 
in a direction approximately at right angles to that of the lightning- 
tube. jf. Minute pellets of vitreous matter adhering to the rock, and 
situated not far from the wall of the tube. x between 2 and 3 dia- 
meters. 
. Fragment of fulgurite-glass, containing globulites and longulites. 
x 250 linear. 
. Margarites selected from different fragments of fulgurite-glass in which 
they occur.  X 570 linear. 
. Fragment of vesicular fulgurite-glass, broken from the lining of one of 
the lightning-tubes. Xx 120 linear. 
. Doubly refracting microlith in fulgurite-glass. (Oblique extinction 
between 15° and 17° from the longest axis.) x 570 linear. 
. aand 6. Groups of globulites occurring in a section of fulgurite-glass. 
x 570 linear. 


Ota oa - 


DIscUssIon. 


Mr, Ecctzs agreed with the Author’s observations concerning the 
mode of production of the tubes, which were produced at the same 
time that the two surfaces were sundered. As regards the absence 


of glass in parts of the tubes, he considered it might be due to 


weathering. 


Nes tial. 
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4, Nores on two TRAvERSES of the CrystALLINE Rooxs of the Atps. 
By T. G. Bonnzy, D.Sc., LL.D., F.R.S., F.G.8., Professor of 
Geology in University College, London, and Fellow of St. 
John’s College, Cambridge. (Read December 5, 1888.) 


I. The Western Alps from Grenoble to Turin. 
A. Grenoble to Briang¢en. 
(a) From Vizille to Bourg d’Oisans: Belledonne range. 
(6) Bourg d’Oisans to Le Dauphin: Grandes-Rousses range. 
(y) Le Dauphin to Briancon by the Col du Lautaret. 
B. Briangon to Turin. 
(a) Section of the Mont Genévre Pass. 
(8) Section of the Col de Sestrieéres. 
II. The Eastern Alps from Lienz to Kitzbihel. 
(a) Nomenclature of rocks. 
(8) The Pusterthal and neighbourhood. 
(vy) Lienz to Mittersill. 
(0) Mittersill to Kitzbihel. 
(ec) The Zillerthal and the Brenner. 
ITI. Conclusions. 
IV. Appendix: Description of Microscopic Structures. 
A. Western Alps. 
(a) Schists of the Combe de Gavet. 
(6) Gneiss of the Combe de Malaval. 
(vy) Carboniferous series near Freney. 
(0) Cale-mica-schists east of Cottian watershed. 
(e) Gneisses, lower part of Val Chisone. 
B. Eastern Alps. 
(a) Central gneiss (von Hauer), Velber-Tauren district. 
(0) Mica-schist and Gneiss (von Hauer). 
(y) ‘“‘Thonglimmerschiefer ” series. 


INTRODUCTION. 


In the address which I delivered at the Anniversary Meeting of the 
Society in 1886, I gave a brief outline of some investigations into 
the petrology and structure of certain districts of the Oberland, 
Pennine, and Lepontine Alps. These had led me to conclusions 
which were then stated, and had further indicated to me the prin- 
cipal types of rock recognized by the Swiss geologists, and enabled 
me, as it were, to translate into stone one of their maps. I then 
determined to make two traverses of the Alpine chain at distances 
remote from the central portion (the scene of my previous work) 
and from each othar, so as to acquire a knowledge of the rock-types 
employed in mapping by geologists outside the Swiss Republic, and 
compare the crystalline schists or gneisses of these regions with 
those already known to me. The points, I may again mention, on 
which I was specially seeking for light were (1) the relation of 
foliation to pressure, stratification, &c., or, in other words, the 
history of the genesis of gneisses and schists ; (2) the value of the 
apparent stratigraphical succession which I had observed over a 
considerable district of the Swiss Alps. 
F2 
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For these purposes it was requisite that any section examined 
should fulfil, as nearly as possible, the following conditions :— 

(1) It should run in a fairly straight line as nearly as might 
be at right angles to the apparent strike of the rocks. 

(2) It should exhibit a seeming succession as extensive as pos- 
sible. 

(3) It should avoid, as far as possible, snowfields, glaciers, alps, 
and cultivated lands, so as to exhibit fairly continuous exposures 
of rock zm situ. 

(4) Travel should not be difficult. 

These conditions are usually best satisfied by ascending valleys 
rather than ridges, and crossing passes of moderate elevation. 

My Alpine wanderings during the last seven-and-twenty years 
had given me a general knowledge of the geology of the whole 
region from the Viso to the Glockner, and, after a careful considera- 
tion of the question, and consultation with my friend the Rey. E. Hill, 
who had again promised to give me the pleasure of his society and 
the advantage of his cooperation, we decided to take the one section 
between Grenoble and Turin, and the other slightly west of the 
Glockner from the Pusterthal northwards. The former section 
was, indeed, open to some objection, for I knew that the northern 
part of the Dauphiné massif was rather monotonous, petrologically 


speaking, in its character, and that a great infold of later Paleozoic 


and Mesozoic rock occurred at the head of the Durance valley, just 
where an exposure of the crystalline series was particularly de- 
sirable. But I also knew that any line of section, either north or 
south of the glens traversed by the highroad of the Lautaret, would 
have drawbacks no less serious, while in this there were several 
compensatory advantages. 

The section of the Eastern Alps obviously fulfilled all our condi- 
tions, for it lay well to the east of the Tyrol, and crossed all the 
principal types indicated by colours in Von Hauer’s map. These 
once learnt, it became easy to connect with Switzerland through 
the Graubiinden region, which was to some extent included in the 
maps of both countries. 

Our study of the Alps, of course, has been comparatively super- 
ficial. Such an admission in these days of careful surveying and 
elaborate petrographical investigation may, at first sight, seem to be 
a sufficient condemnation. But I have seen enough of both methods 
of working to know that each has its place, and, further, that for 
my special purpose 2 minute research would be of little avail, pos- 
sibly of some harm. The naturalist who stopped to elaborate a 
memoir on the orchids, would probably fail to give us a good idea 
of a South-American forest; nay, might even persuade himself that 
its vegetation consisted mainly of epiphytes. Hence it has been 
my endeavour in the Alps to become familiar with as large a series 
of rocks as possible, though neither time nor pains has been spared 
in working out details when these promised to throw light on the 
origin of a rock or the history of its structures. Extensive col- 
lections were out of the question, owing to the trouble and expense 
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of transport; but we were careful to bring away examples of all 
important types, many of which have been since examined micro- 
scopically, so far as was necessary for my purpose. In regard to 
the latter I have only entered into details where they seem to be of 
interest in relation to the history of the rock, and these, in order 
not to interrupt the continuity of the text, are given, if brief, in a 
footnote, if more lengthy in an appendix ™*. 


I. Tae Western ALPS FRoM GRENOBLE TO TURIN. 


A. Grenoble to Briangon. 


If we take a geological map of the Western Alps, that is of the 
region south of the valley of the Rhone, restricted for our present 
purpose by prolonging the part of that valley between Martigny 
and the head of the Lake of Geneva to the plain of Piedmont in a 
S.S.E. direction, and by a line drawn roughly trom Saluzzo to Gap, we 
see that a broad belt of crystalline rock runs, almost without inter- 
ruption, ina general direction rather W. of 8.S.W. from the valley ot 
the Rhone until, in the neighbourhood of Vizille (a few miles from 
Grenoble), it curves towards the S.H. to form the crystalline massif 
of the High Alps of Dauphiné. The outline of this crystalline mass 
(something like a pistol, of which the eastward masszf is the butt) 
is interrupted in more than one part by patches of Mesozoic or late 
Palzeozoic rock, which usually occur in long strips, running parallel 
to the general trend of the crystalline rocks. ‘Thus the last really 
consist of two or three parallel ridges, between which non-crystal- 
line and indubitably sedimentary rocks are infolded. These also 
fringe the crystalline mass to the west, east, and south (where also 
some Tertiary rocks occur). The Paleozoic strata (Carboniferous) 


* T have not attempted, though it is becoming customary, to devote a section 
to the literature of the subject. This omission i- due to two reasons: the one, 
that the list would be of formidable length ; the other, that it would include a 
number of papers which, owing to the special end in view, I have not found 
it needful to consult. Indeed I have referred sparingly even to papers re- 
lating to the crystalline series, because, in the present state of the subject, one 
must know what may be called “ the personal equation” of the writers before 
one can make use of their statements or form any idea, when they are at issue, 
which of two contradictory conclusions one would be likely to accept if one 
could personally examine the evidence. But, once for all, [ may express my 
great indebtedness to Prof. Lory, whose classic work, ‘ Description Géologique 
du Dauphiné,’ has for years past been a valued possession, though occasionally 
I may be found to differ from his conclusions; to Prof. Favre for his ‘ Re- 
cherches Géologiques dans les Parties de la Savoie, du Piémont et de la Suisse 
voisines du Mont Blanc ;’ to the geologists of Switzerland for their admirable 
map and the associated memoirs; and to Ritter von Hauer for his geological 
maps of the Tyrol, the merits of which are noticed hereafter. My plan of work, 
however, has been to consult books only so far as to ascertain their general 
conclusions and the best localities for work, and then to provide myself with 
maps rather than with literature. This paper very likely contains few obser- 
vations which have not, been already made; but 1 am not aware of any one 
which has been written with quite the same end in view, viz. the attempt to 
apply a rather wide experience to the interpretation of a somewhat extensive 
series of sections. 


Fig. 1.—Diagrammatic Section of ranges of Belledonne and Grandes Rousses, after Lory. (Altitudes in metres.) 
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a are, in this region, generally very 
Ss limited, and, perhaps, were never 

ae 2 very extensive; but the occurrence 
z= of the Mesozoic (Triassic and 
as Jurassic) in many isolated patches 
ae indicates that they formerly 
covered the greater part, if not the 
whole, of the crystalline series*. 
Restricting our attention to the 
Mesozoic rocks only, we find, as we 
proceed eastward from Grenoble 
(fig. 1), first the crystalline range 
of the Belledonne, then the fairly 
broad Mesozoic infold, traversed by 
the Olle, but prolonged far away 
northwards and for a considerable 
distance in the opposite direction ; 
then the crystalline range of the 
Grandes Rousses, narrower but 
loftier than that just named, which 
is banded on its eastern side by a 
narrow trough of Secondary rocks, 
an offshoot from that last men- 
tioned, in the neighbourhood of St. 
Jean de Maurienne; and after that 
comes the huge massif of the 
High Alps of Dauphiné, fringed on 
the north by the same Jurassic 
rocks, through which it has been 
violently forced. To the east of 
the region just described comes 
another tract of crystalline rock, 
which forms the watershed of the 
chain of the Western Alps, up to 
the southern end of the Mont- 
Blane range, together with the 
mountain region draining to Italy. 
The last, as indicated by a geolo- 
gical map, consists almost entirely 
of a group of schists different in 
character from those already men- 
tioned (though here and there 
tracts of the former type occur, 
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* For further remarks on the sub- 
ject see the notice by Prof. C. Lory in 
“Etudes sur les schistes crystallines,” 
read at the Congrés géologique interna- 
tional, 1888 (Sept.), and three lectures 
given by myself in May 1888, at the 
Royal Institution, published in the 
‘ Alpine Journal,’ 1888-9. 
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especially in the neighbourhood of the Italian plain), together with 
green schists, more or less serpentinous in character, and, occasion- 
ally, of true sedimentary rocks. 

Thus our first traverse was divided into two well-marked portions : 
the one the crystalline series cut by the Romanche between Vizille 
and the Col du Lautaret, the other the Franco-Italian range between 
Briangon and the plain of Piedmont. 

The former of these, as above stated, admits of further subdivi- 
sion into the Belledonne range, the Grandes-Rousses range, and the 
Dauphiné massif. I may add that, in addition to my general ac- 
quaintance with all this region, I have been able to refresh my 
memory and enlarge my knowledge by the examination of a most 
interesting series of specimens from its higher peaks and passes, 
collected by the Rey. W. H. B. Coolidge, Fellow of Magdalen College, 
Oxford, and presented by him to the Alpine Club. 


(a) From Vizille to Bourg d@Oisans: Belledonne Range. 


After considerable hesitation I decided to examine the natural 
section whichis made by the Romanche in cutting through this chain. 
Although its course makes a very oblique angle with the general 
trend of the chain, and, from a variety of causes, I was not able to 
examine this district so carefully as the rest, I believe that I 
succeeded in ascertaining the dominant types of rock. The first crys- 
talline rock seen is at the Octroi boundary, a short distance from 
Vizille. It is a hard, darkish brown mica-schist, often evidentiy 
considerably corrugated, not very fissile, or markedly bedded or 
foliated, and rather irregularly jointed (Appendix, p.100). Rock of 
this type continues for some distance; then a little beyond Séchilienne 
it is succeeded by a greener and more distinctly bedded micaceous 
and somewhat fine-grained rock, the lines of mineral banding and 
foliation being approximately horizontal; but as this has probably 
been modified by subsequent pressure, it 1s difficult to pronounce 
on its true nature. West of Les Clavaux the rock becomes more 
like a fine-grained granite, having a slightly gritty aspect on the 
weathered surface*. There is also a little of a “porphyroid,” no 
doubt an intrusive felstone, modified by subsequent pressure f. 
Below Rioupéroux fallen blocks of a darkish, massive, banded gneiss 
lie by the roadside, and east of this similar blocks of a dark green 
rock, seemingly hornblendic, and of agabbro. Thelatterrock appears 
to be intrusive, and is the usual Alpine gabbro; but it exhibits the 
common modification, the felspar passing to a kind of saussurite, the 
diallage to fibrous hornblende, and occasionally a foliation, due 
possibly to pressure. 


* Microscopic examination shows this rock to have been so much modified 
by subsequent pressure that the original structure has been almost obliterated. 
So far, however, as it can be discerned, it appears that of a true granite rather 
than of a granitoid gneiss. The minerals are chiefly quartz, felspar, and a 
chloritic mineral which often occupies the cracks, and probably indicates the 
former presence of biotite. 

+ These modified dykes or masses of felstone occur not seldom in the crys- 
talline districts of the Alps. 
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After this a more micaceous and banded rock is seen in situ. 
West of Livet comes a fairly strong mica-schist containing many tiny 
garnets, and traversed by numerous quartz-veins (Appendix, p. 101). 
In it cleavage-foliation has been developed at an angle of about 70° 
with the horizon, without, however, materially interfering with the 
cohesion of the mass. It is later in date than these veins, for they 
have been bent into serpentine curves, which are thickened at the 
crests of folds and attenuated at the sides, just like bands of sand 
in clay under pressure, illustrating in a very interesting way the 
principle of solution and deposition indicated by Dr. Sorby. 

Beyond this place the crags recede from the road as the Combe de 
Gavet opens out; but the great infold of Jurassic rock, out of which 
has been excavated the singular plain around the confluence of the. 
Olle and the Vénéon with the Romanche, affords a wonderful spec- 
tacle. The strata here are very distinctly bedded, not unlike parts 
of the Lower Lias of England, and thus, by structure as well as 
tint, are distinguished at a glance from the underlying crystalline 
masses. Cleavage is well defined and is not far from the vertical ; 
it cuts the bedding at various, but generally high, angles, because 
that structure not unfrequently is almost horizontal. 


(GB) Bourg d’Oisans to Le Dauphin : Grandes-Rousses Range (fig. 1).. 


Roughly to the north of Bourg d’Oisans the crystalline rock reap- 
pears from beneath the stratified. On the south side of the valley 
the former rises sharply up from beneath the latter to form a peak,, 
perhaps 8000 feet above the sea; on the north side an “ epaulette ” 
of the latter rests on a kind of shoulder of the former, so that the 
peaks of the Grandes Rousses are almost enclosed by the Mesozoic 
rocks, North of the town a small mountain-road gives a good 
opportunity of studying the relations of the two series, for it zigzags: 
over their junction, which, however, is only perfectly exposed in 
one or two places. 

The crystalline rock is a rather fine-grained and somewhat massive: 
gneiss, exhibiting distinct light and dark bands, which are often 
about 3 inch thick. It is not fissile, for it breaks readily across 
this structure, which has a strike between N.N.W. and N.W., and a 
dip of from 75° to 80° on the eastern side. Microscopic examination 
(Appendix, p. 101) indicates that the rock, after crystallization, 
has been modified by presssure ; but I am very doubtful whether the 
banded structure can be attributed to this, and think that the rock 
when thus affected must have been already a banded gneiss re-. 
sembling those uf the Laurentian series. The base of the Jurassic: 
series is a hard quartzose grit, which has apparently derived its 
materials from the underlying rock. Here and there it becomes. 
conglomeratic, the fragments seeming to be identical with the: 
underlying gneiss. 

About two miles from Bourg d’Oisans the Romanche issues from 
a narrow gorge; the valley of the Vénéon, which drains the interior 
of the great horseshoe of high peaks forming the massif of the High. 


CRYSTALLINE ROCKS OF THE ALPS. 73 


Alps of Dauphiné, being the more open of the two valleys. So far 
as we could see, the wall of cliffs on the north side of the former 
river consists of gneiss similar to that described above, except that 
as we approached the entrance of the gorge the rocks became slightly 
greener in colour, and blocks of a greenish chloritic rock (possibly 
a modified diabase) occurred occasionally among the screes. But 
close to the entrance is a fine crag of a granitoid rock *, and about 
a furlong further, on the left bank of the Romanche (the road having 
crossed the river), we find a little of a similar rock, apparently in- 
trusive in a greenish banded gneiss, like that on the opposite bank. 
The structure of this rock strikes a little W. of N.W., dipping at 
about 45° on the N.H. side. 

The road now ascends on the left bank of the Romanche (which 
dashes along at the bottom of a gorge), passing over banded gneiss 
varying from coarse to fine, occasionally distinctly micaceous, and 
more usually resembling the green variety mentioned above. The 
strike of the structure continues practically unchanged; the dip 
varies, ranging commonly from about 35° to 60°. The rock some- 
times assumes a “ slabby ” structure, with the surfaces parallel to the 
mineral bands. The rock has, no doubt, been modified by pressure, 
though to what extent, in the present stage of our knowledge, can 
hardly be determined; but it produced on my mind the impression 
that we had before us a very ancient type of rock, which, anterior to 
the last modification, was gneissoidrather than granitoid. After a time 
the dip steepens till it is almost vertical, and then the rock becomes 
greener and more chloritic. Then, about 7 kil. from Bourg d’Oisans, 
a cultivated slope of débris conceals the section for some distance ; 
aiter this the road traverses a rather fissile gneiss, striking rather 
K. of N., and dipping eastwards at 60° at least. To this succeeds 
a grey granitoid rock, with “sheen” surfaces, which dip roughly H. 
at about 45°; then comes, after another interruption, a very fissile 
rock, with a similar strike, reminding me of a common “crush 
type” in the Alps (¢. g. one on the St. Gothard, just above Amsteg). 
Beyond this we come upon a sharp infold of Carboniferous rock. 
This narrow trough, well shown on Prof. Lory’s map, runs almost 
due north for about 10 miles from near Vénosc, in the Vénéon valley, 
to the west flank of the Grandes-Rousses peaks. 

This Paleeozoic rock is a carbonaceous slaty rock, containing 
small fragmental scales of silvery mica (Appendix, p. 102). Itis not 
more metamorphosed than any ordinary slate, and can be readily 
distinguished by both colour and texture from the crushed crystal- 
line series, though, as the latter is at last almost pulverized, and a 


* Microscopic examination shows the rock to consist of quartz, orthoclase, a 
very little microcline, plagioclase, some more or less altered biotite, with a few 
small zircons and other microlithic minerals. It has evidently undergone con- 
siderable crushing, followed by cementation, but it retains in part the charac- 
teristic structure of a true granite. Itis a variety of the “protogine” of the 
region, and a very similar rock forms the two highest peaks of the Grandes 
Rousses. 

+ A little anthracite is worked among the mountains near the north end of 
the trough. 
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band of arkose may possibly exist at the base of the former, it is 
difficult in the field to put one’s finger on the actual junction. But 
this neutral zone is at most only a very few feet in extent, and is 
no proof of transitional metamorphism, for it is merely a local acci- 
dent, where Dame Nature has ‘‘ smudged ” her handwriting. Only 
a few dozen yards of the Carboniferous rock are exposed, then 
comes some more débris, after which the crushed crystalline rock 
reappears. In both the cleavage maintains the same general direc- 
tion, and is obviously due to one (Post-Carboniferous) set of move- 
ments. 

As we approach the village of Freney the crystalline rock gra- 
dually becomes less fissile and more granitoid in character. Just 
beyond Freney is the second infold of the Carboniferous group. A 
small quarry has been opened in a slabby rock, with sheen surfaces 
dipping roughly 60° E. This, at the time, I was disposed to refer 
to the old crystalline series ; but microscopic examination makes its 
true nature rather doubtful, and it may be a modified igneous rock 
of later age. This, however, is not very material. On the further 
side of the quarry is indubitable Carboniferous rock. First is a 
rather micaceous quartzose grit, then a black slaty rock, like that 
already mentioned, in which presently bands of conglomerate or 
breccia and of arkose are intercalated (Appendix, p. 102). 

The eastern side of the trough exhibits indications of an over- 
thrust. The end of the Carboniferous infold is ike a V with the 
apex pointing eastward and one limb nearly horizontal. Between 
the latter and the subjacent crystalline series is a quartz vein, the 
upper surface of which has a marked slickensided structure, the 
strice running eastwards. The effects of pressure are markedly in- 
dicated even in the coarsest bands of the infolded rock. The frag- 
ments in the breccia are mostly either a grey granitoid rock or a 
greyish banded gneiss, the latter exhibiting “sheen surfaces ” parallel 
with the bands. These surfaces, however, bear no. relation to the 
cleavage of the matrix, for they point in all directions. Sometimes 
in two adjacent fragments they lie almost at right angles, and in 
one instance I noticed three adjacent fragments in which the surfaces 
were rudely parallel to the faces of a rhombohedron. Hence they 
must be a record of Pre-Carboniferous earth-movements *. 

The crystalline rocks east of this infold may be described as 
greenish schist, very probably granitoid or gneissoid rock modified 
by crushing; but nothing noteworthy occurred before we reached 
the infold of Jurassic rock near Le Dauphin, which comes down 
below the level of the Romanche. In the schist, which is much 
veined with quartz, the foliation (cleavage) strikes between N. and 
N.N.E., and dips at about 45° on the east side. In the Jurassic 
rock, commonly a dark siate, cleavage appears to be coincident with 
bedding; the trough extends southwards for full eight miles, cross- 
ing the Vénéon valley at Vénosc, a village which can be reached 
from Le Dauphin by a low pass, where the grassy alps, due to the 


* My studies of the Carboniferous conglomerate at Vernayaz have led me to 
a similar conclusion. 
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presence of the slate, contrast curiously with the rugged crystalline 
crags on either side. 


(y) Le Dauphin to Briangon by the Col du Lautaret. 


The crystalline series reappears on the right bank of the Romanche, 
65 kil. from Grenoble (10 miles from Bourg d’Oisans), as a grey, 
rather coarse, foliated gneiss, like some of that in the Central Alps. 
The foliation in several places exhibits distinct folds ; the rock here 
and there approximates, but not markedly, to an “‘ Augen-gneiss” in 
structure. About one kilometre further it becomes more micaceous 
and more definitely banded. Next, at about the same distance further 
on, we come to huge fallen blocks of a hornblende-schist, sometimes 
well banded, and of a gabbro, which, as it includes distinct frag- 
ments of the hornblende-schist, must have been intruded after that 
rock had attained to its present condition. Beyond this place the 
scenery of the Combe de Malaval becomes yet wilder, but, unfortu- 
nately, the cliffs are generally separated from the road (right bank) 
by great slopes of screes. The blocks, however, so far as I could 
see, are a greyish, moderately banded gneiss, very like that which 
occurs 7 situ lower down the valley, so that I have no doubt as 
to the general nature of the section. 

About 3 miles below La Grave an outcrop of a similar rock occurs 
by the roadside (Appendix, p. 102). In short, the masszf, cut by this 
part of the Romanche, appears to me mainly to consist of a rock 
which, though modified by subsequent pressure, was originally a 
moderately banded, not very coarse gneiss, of a decidedly Laurentian 
type, such as I have seen, in other parts of the Alps, apparently 
underlying the gneiss of the Lepontine type, and not unlike some 
in the Central Oberland or that near the Trient gorge. 

Before we reached the little village of La Grave, the dark Jurassic 
rock which, though generally out of sight, is supported by the cliffs 
overhanging the Combe de Malaval, and forms the range between 
the valleys of the Romanche and the Arc, sweeps down to the bed of 
the river, and the Lautaret road finally quits the crystalline rock. 
But on the opposite side of the valley, peaks and ridges of the 
latter rock tower on high. We are on ground made classic by the 
labours of Elie de Beaumont, Lory, and others; but as, even now, it 
is rarely visited by our countrymen, I shall venture on a very brief 
description. As already stated, the principal peaks of the central 
massif of the Dauphiné Alps are roughly grouped in a horseshoe curve. 
Its interior is drained by the Vénéon, a river fed by many glens, 
commonly steep, and leading up to glaciers. On the north the 
massif is sharply defined by the narrow valley of the Romanche ; 
on the south, less perfectly, by the Val Godemar, but the crystalline 
district extends for some distance further in this direction. 

Some short but very lofty spurs project towards the east from the 
crest of the watershed, the longest and northernmost being some- 
times called inclusively the Créte du Glacier Blanc. The Pelvoux, 
one of the best-known summits of Dauphiné, though not quite the 
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highest, terminates a shorter spur to the south. Several of the peaks 
rise above 12,000 feet, the highest, Les Ecrins, attaining 13,462, 
while the passes between them generally range from 10,000 to over 
11,000 in elevation. Opposite to La Grave the northern face of the 
massif rises with unusual steepness. From the door of the hotel we 
look up to the jagged créte of the Meije, the highest point of which 
is 13,081 feet above the sea. According to the “French map, the dis- 
tance between the summit of this peak and the bed of the Romanche, 
which is considerably, perhaps 200 feet, below La Grave, is about 
4500 métres, and the difference of elevation is hardly less than 
2500 metres, giving an average rise of 5 in 9, or more than 1 
in 2. The impression produced on the mind is that a great dome- 
like mass of crystalline rock has been pushed through the sedi- 
mentaries, thrusting them back, crumpling them about its edges, 
infolding portions in its undulations, or lifting them upon its arches. 
The great folds in the Jurassic strata at the base of the Meije 
opposite La Grave—which may be seen in every photograph—are 
well known to many. This mass of slate can still be traced some 
distance up the glen, which descends from the Glacier de la Breche de 
la Meije ; and J detected last year two small outliers at the foot of the 
glacier, one on either side, at a height probably of about 8000 feet 
above the sea. Perhaps even more remarkable is another outlier 
further to the west, where a long spur running in that direction from 
the Rateau (the mountain west of the Bréche), falls down rather 
abruptly to a huge glacier-covered plateau. Here we find a little out- 
her of black Jurassic slate, at the Col de la Lauze, 11,500 feet above 
the sea*. I do not know the exact height of the base of the Jurassic 
series across the Combe de Malaval due north of this point, but it 
can hardly exceed 6000 feet, so that we have an uplift of about 
5500 ft., or not less than a mile vertical in about 3 miles f. 

At La Grave we spent 3 or 4 days in order to acquire a general 
idea of the rocks forming the northern face of the crystalline massif 
by examining both the glen descending from the Breche de la Meije 
and the larger valley, the main stream of the Romanche, which 
sweeps round the eastern flank of the Meije, and thus drains both the 
range for some distance south of that mountain and the north face 
of the Créte du Glacier Blanc. Examination of rock in situ and of 
the materials brought down by glaciers and torrents, recollection of 
my earlier scrambles, and study of Mr. Coolidge’s collections from 
the higher peaks and passes, enable me to indicate with, I believe, 
tolerable correctness the chief varieties of rock which occur in this 
wild region. The rocks from the Rateau eastwards are mainly 
divisible into two pretty distinct groups, one consisting of rather 
granitoid gneisses, the other more or less gneissoid granites. In 


* There is another on the glacier lower down, perhaps 10,000 feet above 
the sea. 

t+ These masses may be carried up by upthrust faults; but I have seen no 
evidence of this, and it seems to me more like a bending of the underlying 
erystalline and the Jurassic in common, which has produced local crumpling 
of the latter. 
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the valley descending from the Bréche gneiss may often be seen in 
situ. This isa strong grey gneiss with a fairly well-defined banding 
of lighter and darker rock, the colour being due to the comparative 
absence or presence of a ferro-magnesian mica. The bands are often 
from a quarter to half an inch thick, and the rock usually breaks 
without difficulty across them. It closely resembles in all respects 
many of the Laurentian gneisses of Canada and the Hebridean (mica) 
eneisses of North-west Scotland (Appendix, p. 102). Probably it 
has been somewhat modified by pressure followed by recementation ; 
but I cannot attribute the mineral-banding to this cause, and believe 
that whatever may be its true explanation, the rock prior to the 
deposition of the Jurassics was a banded gneiss of Laurentian aspect. 
Among the débris fragments of granitoid rock are commoner than 
those of the gneiss. More than one variety is present, the com- 
monest being a moderately coarse-grained rock, often in good pre- 
servation, with aslightly pink-coloured felspar and with green spots ; 
indeed it resembles some of the St. David’s (so-called) Dimetian *. It 
exhibits but little sign of mechanical disturbance. The other (less 
common) is a coarser rock, occasionally slightly porphyritic, with 
some of its felspar of a pinkish, some of a greenish hue. This also 
appears to be a granite, though it is a little modified by pressure, 
which may be a record of the great upheaval. 

In the glen of the Romanche the crystalline rock rises sharply 
from beneath the slate in the face of a steep wall, which forms a 
kind of step in the level. This too is a gneiss of the type already 
described, and among the débris brought down from the crags around 
the upper glens we find many representatives of a coarse gneissoid 
rock, varying from a moderately fine grey rock with but little mica, 
to a rather coarser rock with dark bands, which contain a consider- 
able amount of black mica. In the latter, the bands often exhibit 
contortion, and though I recognize the effects of pressure, this 
appears to me to have affected a rock which had already acquired a 
banded structure. Here also the rock can commonly be broken 
across the mineral bands. Blocks of granitic rock are also abun- 
dant, varieties of the types already mentioned; but here the coarser 
and somewhat porphyritic rock is commoner than in the glen of 
the Meije glacier. These granitoid rocks are the typical protogine of 
the region: the felspar varies from a tolerably distinct red to almost 
colourless; the brown mica is converted more or less perfectly into 
a green mineral, often called chlorite, and a greenish film usually 
coats the joint-faces. 

I also examined the slaty rocks of the Jurassic series with con- 
siderable attention, in the hopes of finding indications of incipient 


* Microscopic examination shows the rock to consist of quartz, orthoclase, 
plagioclase (in part at least oligoclase), and some biotite, which has generally 
been replaced by a green mineral, with separation of black iron oxide along the 
cleavage-planes. There are also one or two original grains of magnetite. The 
rock exhibits some indications of mechanical disturbance subsequent to its first 
consolidation ; but the structures characteristic of a rock of igneous origin are 
generally well retained, so that the rock is beyond doubt a true granite, perhaps 
rather richer in plagioclase than in orthoclase. 
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foliation, but with little or no success. In the immediate neigh- 
bourhood of La Grave this rock is a dark slate, so uniform in its 
mineral character that the direction of bedding is not easily ascer- 
tained. Indeed even in the great folds opposite La Grave the beds 
are more distinctly seen at a distance than when on the spot. The 
cleavage, of course, cuts the stratification at very different angles, 
being often coincident with it, though sometimes highly inclined to 
it. A slight satiny sheen, caused by extremely minute films of 
mica (Ssericite?), may sometimes, but by no means always, beobserved, 
and of this the best examples were found on the Alps north-west of 
La Grave, some 1800 or 2000 feet above the village. Here I noticed 
that the mica-flakes became distinctly larger in immediate proximity 
to a quartz-vein, when it had also been squeezed *. Often, however, 
the rock is quite an ordinary slate, as in the case of a specimen taken 
from within two inches of a junction with the gneiss in the glen 
below the Meije glacier (fig. 2). Here, so far as I could judge, there 


Fig. 2.— Junction of Gneiss (A) with Jurassic Slate (B) in glen 
below the Metje Glacier. 


were no signs of faulting. First a little notch about an inch wide 
filled with soil, in which Alpine plants were growing, and then a 


* We have veins of quartz and occasionally of calcite, sometimes prior, some- 
times posterior to the cleavage. This effect of an included hard mass on the 
development of secondary mica in a rock may often be observed in disturbed 
regions. 
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quartz-vein of about the same thickness separated the black slate * 
and the grey gneiss (fig. 2), and I believe the two rocks have been 
simply doubled up together. In this glen, and at one place on the 
above-mentioned alps across the Romanche, I found some Belemnites 
curiously distorted by pressure. 

The road from La Grave to the Col du Lautaret passes over dark 
Jurassic slates, which (about 9 kil. from La Grave) are interbanded 
with an impure black limestone; the former rock is distinctly 
cleaved (parallel with its bedding), the latter practically uncleaved. 
On the descent from the pass, hard grits and quartzites occur, re- 
ferred by Prof. Lory in part to the Trias, in part to the Carbon- 
iferous. At these I only glanced in passing, as there was little 
specially interesting in their lithological character. I need only 
add that a moraine near Le Casset, which represents a collection 
from the eastern part of the northern face of the Créte du Glacier 
Blane, consists mainly of a strong gneiss, like that described as 
occurring on the Lautaret road below La Grave, only it is perhaps a 
little greener in tint. 

The result, then, of our researches in this part of the section may 
be summed up in the following extract from my diary :—“I have 
nowhere seen any rock that reminds me either of the Lepontine 
gneiss (Montalban type), or of the Tremola schists, or of any of the 
group of the upper schists in the Central Alps. Everything (excluding 
the Carboniferous and Mesozoic rocks) appears to be either granitoid 
rock, probably of igneous origin, or else a strong gneiss of Laurentian 
type, which in the massif south of La Grave does not, as a rule, 
exhibit marked sheen surfaces, though it is often much corrugated. 
Some of the bands in the gneiss and some varieties of the rock itself 
are rather rich in mica (mostly dark), others comparatively poor. 
Green rocks, hornblendic or chloritic, are not common, though there 
is often a coating of this tint.” 


B. From Briangon to Turin. 
(a) Section of the Mont Genévre Pass. 


The road to this pass runs for some little distance up the Clairée 
Valley north of Briangon, then mounts in an easterly direction up 
the slopes of a glen. The rock in situ here is a Jurassic limestone, 
but erratics of a gabbro, often coarse, occur occasionally,—the felspar 
converted into saussurite, the dark crystals of diallage sometimes 
partly replaced by hornblende. We also observed pieces of a dark 
serpentine, with crystals of bronzite or bastite, which could easily be 
matched from the Grisons or the Ligurian Apennines. Both these 
probably come from a massif south of the upper part of the pass. 


* T have examined a specimen taken about 2 inches from the face of the 
gneiss. There are one or two minute constituents of minor interest, but 
for my present purpose it is enough to say that it is a common type of slate, 
with less evidence of the development of secondary minerals than I have often 
seen in Palzeozoic slates in regions of great disturbance. 
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On arriving at that point we spent a considerable time in vainly 
endeavouring to strike the northern edge of this massif, though we 
saw the rock at a distance across a valley. Our failure was, I believe, 
caused by a slight misunderstanding of our map, which was on a 

small scale and not in much detail. Thus we missed the only 
place where the massif, as I now 
see, can, without much trouble, be 
reached from the highroad. We 
saw, however, some scattered frag- 
ments, which were mainly gabbro, as 
above described. 

Jurassic limestone, often dark in 
colour, extends to the commence- 
ment of the steeper part of the 
descent towards Italy (fig. 3). Here 
it has a high dip, 75° or more to 
the W.N.W. Beneath a thick con- 
spicuous mass of this rock comesa 
calcareous deposit of uncertain nature, 
not unlike a tufa*, to which succeeds 
a dull-green serpentine, rendered very 
schistose by crushing. Its rude 
cleavage - structure appears to be 
roughly parallel with the bedding of 
thedark limestone. Tothe serpentine, 
of which there is a rather thick mass, 
succeeds a lead-coloured, rather cal- 
careous mica-schist, also intensely 
crushed, the resulting structure being 
parallel with that in the serpentine. 
This much resembles some members 
(when highly crushed) of the “ kalk- 
haltige grauer Schiefer” of theCentral 
Alps. The two rocks may be seen 
near together; but in the neighbour- 
hood of the road we could not find an 
actual junction. Between this place 
and Cesanne, we saw i situ only 
varieties of this crushed mica-schist, 
and below the village is more of the 
same rock, rather darker in colour 
and somewhat more calcareous, its 
dominant structure, which dips to the 
S.W. at a moderate angle, being the 
= result of subsequent pressure. (Ap- 

pendix, p. 103.) 
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* Part of the ‘ Gypse et carnegules’ (Trias) of Prof. Lory’s map. 
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(8) Section of the Col de Sestriéres. 


The road, not long after leaving Cesanne, crosses over a great mass 
of serpentine. On the west side of this is the usual mica-schist, 
which can be seen cropping out very near the serpentine, though the 
actual junction, at any rate about here, is masked by débris. But the 
latter appears to cut across the schist like an intrusive mass. The 
serpentine at first is greatly crushed, but the effects of this gradually 
disappear, and fairly normal specimens can be obtained. It is of 
the usual Alpine type, a dull greenish-black rock containing crystals 
of bronzite or bastite. In its peculiar joint-planes, its mode of 
weathering, its brown rugged surfaces, it exactly resembles the 
Lizard serpentine *. The rock on the eastern side of the mass 
becomes greatly brecciated, and is associated—apparently intrusively 
(but the effects of subsequent disturbance obscure the relation)— 
with a compact green schist (Appendix, p. 103), which now and then 
is reddish in colour, and reminded me much of a rock which occurs on 
the west side of the Julier Pass (Engadine) To this succeeds a calc- 
mica schist, like that below Cesanne, much disturbed and crushed, 
and exhibiting ‘“‘sheen surfaces.” Higher up another variety, which 
in general appearance reminded me of some of the calc-mica schists 
of the Central Alps (¢. g. the mass north of Olivone), proved that a 
cleavage-foliation had been superinduced in a rock already foliated, 
for in places the former structure clearly cut across the contortions 
of the latter (fig. 4). Calc-mica-schists of one general character 
(Appendix, p. 103), but with minor variations, as when, for example, 
the rock reverts to the anthracitic type near Champlain du Col, 
continue till the trough on the upper part of the pass is reached. 
The ‘‘stratification-foliation” strikes generally between N.N.W. and 
N.W.., dipping at about 45° on the average to the western side. 

In the first part of the descent from the Col very little rock 
crops out near the road, and as far as Pragelas we saw nothing but 
schists of the above-mentioned type; sometimes one of the more 
anthracitic varieties, like that below Cesanne, sometimes one of the 
more micaceous, like that on the east side of the Mont Genévre, some- 
times one rather more massive, which recalled to mind the *‘ brown- 
bedded” rock of Olivonet. There is nothing needing special remark 
between Pragelas and Fenestrelle, near to which mica-schists occur, 
dipping apparently at about 50° rather to the 8. of W.t At the 


* It is needless to give a description of the microscopie structure ; it is a per- 
fectly typical serpentine, such as the dark serpentine from the north of Cadgwith, 
the similar rocks from near Genoa, near Figline, and the Engadine—a serpen- 
tine, varieties of which occur here and there throughout the Alps. This one is 
an altered olivine-enstatite-augite rock (Buchnerite of Wadsworth), the first 
and second minerals being completely serpentinized. 

tT Quart. Journ. Geol. Soc. 1886, Presid. Address, p. 47. 

+ These differ greatly from the schists described above. Under the micro- 
scope their structure is coarser, “ cleaner,’ and more like that of schists at a 
lower horizon, ¢. g. a silvery mica-schist which I have found in various localities 
in the Lepontine and Noric Alps. The specimen examined consists of quartz 
and white mica with some kyanite. 


Q.J.G.5. No. 177. ¢ 
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base of the hill, crowned by the celebrated forts, is a felspar-acti- 


nolite rock *, possibly of igneous origin, followed by mica-schist,. 


and a dull green rock banded with epidote, dipping much as before. 
The rock in this neighbourhood is stronger and less easily weathered 
than that higher up the valley, and recalled to my mind some of 


Fig. 4.—Diagram of “ stratification-foliation” in Cale-mica-schast 
near Col de Sestrieres. 


The lines roughly indicate micaceous layers; the long arrow is parallel with 
the “ cleavage-foliation ” of the mass; the small arrow shows the place 
where a specimen was taken for examination (p. 103). 


the chloritic and micaceous rocks about Zermatt or near St. Vincent 
in the Val d’Acstey. Below Fenestrelle this change in character 
becomes yet more marked. The rocks now are more massive, form- 
ing bolder crags which are no longer masked by a talus of shivery 
schist ; in short, the same change in the scenery may be observed 


* Consists chiefly of epidote, actinolitic hornblende, quartz, felspar and hema- 
tite, with some sphene and rutile. The microscopic structure is interesting in 
many ways, but itis enough for my present purpose to say that subsequent 
mineral rearrangement has made it difficult to be sure of the original condition 
of the rock, but I think that it probably was igneous, and that pressure has not 
been the sole agent of change. 


Tt Minerals: quartz, epidote, mica, white and brown, chlorite (probably in 
part, at least, replacing the latter), garnet (red), a little rutile and a colourless 
doubly refracting mineral of ill-defined limit and form, probably allied to zoisite 
or epidote. The rock is distinctly foliated and banded. The constituents, 
especially the white mica, are fair-sized and well defined, as if freely formed ; so 
if the foliation results from pressure, a good deal of mineral change has 
subsequently occurred. The structure is, for a schist, a little abnormal ; possibly 
that may be connected with the presence of a neighbouring intrusive mass. 


sit 
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when, in other parts of the Alps, we are quitting the ‘“‘ Upper Schists ” 
and entering the stronger more coarsely crystalline series which 
often underlies them. Unfortunately we had no opportunity of 
examining the rock (which we deemed to be a mica-schist) in situ 
till we reached La Balme, where we found a schist with bands of 
mica (in rather large flakes) and a fine-grained gneissoid rock, the 
association of the two being suggestive of some kind of stratification 
of the original constituents. ‘The rock resembled one in the Lepon- 
tine series near Altanca*, The dip was about 30° to N. 10° W. 
Yet lower down comes a strong brownish mica-schist, with little, if 
any, mineral banding and no strongly marked foliation, which has 
nearly the same strike, but is almost vertical, dipping perhaps slightly 
on the northern side. This rock continues with little variation 
for a considerable distance; but about a mile before reaching La 
Perouse, a quarry has been opened in a paler-coloured gneiss. The 
brownish mica-schist, however, occurs again below the town. After 
an interval without any outcrops near the road, we find just below 
San Germano a gneissoid rock, not impossibly of igneous origin, 
dipping (if the faint indications of structure can be trusted) approxi- 
mately at 45° to S.H. It becomes slightly more gneissoid and is 
succeeded in about a furlong by a finer-grained rock of brownish 
colour inclining sometimes to greenish grey. This exhibits a mode- 
rately definite foliation, but includes masses of a darker colour ; these 
may be nodes, but certainly in some cases they look like fragments 
of a crystalline rock. The dip of the foliation (there is no mineral 
banding) is roughly to 8. at about 50°. Another quarry still lower 
down gives a rather more definite dip (45° to E.S.E.). Below this 
the valley opens out as we approach Pinerolo and reach the margin 
of the plain of Piedmont. 


Ti. Tue Eastern Ars From Lienz to KitzBuHeEt. 


(a) Nomenclature of Rocks. 


According to Von Hauer’s map of the Eastern Alps, which, though 
on a small scale, we found an excellent piece of petrographical work, 
the fundamental rock is a group of gneisses, called the Central 
Gneiss; to this succeeds ordinary gneiss, and to this mica-schist. 
Last of all comes a formation called by him ‘“‘ Thonschiefer.” Horn- 
blendic and chloritic schists and crystalline limestone occur rather 
locally at horizons the position of which will be described further 
on. North of the central range is a band of greywacké and slate, 
which is referred to the Silurian, and can be traced for many miles. 
The northern and the southern range consist mainly of sedimentary 
rocks, chiefly limestones or dolomite, which, as is well known, are of 
Triassic or later age. These also in all probability once extended 


* Quart. Journ. Geol. Soc. 1886, Presid. Address, p. 69. 
+ For the microscopic structure of these and the following rocks, see Appendix, 


p. 103. 
q 2 
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over the crystalline rocks of the central range, from which, however, 
they have been almost entirely removed by denudation. Of the 
igneous rocks of the region, especially those of the Southern Tyrol, 
it is needless to speak. The above-named “ Thonschiefer,” with the 
lower part of which some chloritic schists and crystalline limestones 
are associated, is extensively developed in the Eastern Alps. Thename 
“« Thonschiefer” is vague; for, if I mistake not, it might be applied 
to either a clay-slate or an aluminous schist. Certainly the rock is 
not the former, though sometimes locally, when greatly crushed, it 
presents a strong resemblance to it. In the extensive rock-collec- 
tion of the Innsbriick Museum the series is called ‘* Thon-glimmer- 
Schiefer,’ which is made less ambiguous by the inserted word. I 
have a difficulty in finding an English equivalent. Clay-mica- 
schist is misleading, aluwminous mica-schist awkward; upper mica- 
schist is open to objection as involving an assumption as to strati- 
graphy ; phyllite suggests too fine-grained a rock ; so I propose, at 
present, in the poverty of English nomenclature, to retain the 
German term “ Thonglimmerschiefer.” 


(6) The Pusterthal and Neighbourhood. 


We travelled by railway up the valley of the Adige, traversed 
the igneous rocks in the neighbourhood of Bozen, and in due course 
reached the “ Thonglimmerschiefer” south of Klausen*. With the 
members of this group previous visits to the Tyrol had already 
made me fairly familiar, and I could see, even as I passed by, that 
though they varied somewhat in texture and hardness, the dominant 
rock is amoderately soft, dull lead-coloured mica-schist, in which the 
individual films are not conspicuous to the eye, at any rate at the 
first glance. This obscuration of the true structure is very probably 
the result of crushing. The apparent foliation is a cleavage-foliation 
the conspicuous surfaces are ‘‘sheen surfaces,’ which exhibit a 
peculiar gloss, looking sometimes like the polished black-lead of a 
fire-grate. 

These macroscopic characteristics are very commonly so general 
and so uniform, that one can recognize the rock with certainty even 
from a railway-trainy. Our first halt was made at Brunecken, 
where the “ Thonglimmerschiefer” series is well exposed close to the 
town, and presents some interesting variations. The picturesque 
old castle stands on a craggy mound of white crystalline limestone 
(Appendix, p.107); this, on the southern side, is distinctly ‘* bedded” 
like an ordinary limestone, and dark streaks occur in the rock 
parallel with this structure. The beds are much twisted about, but 
they appear to have a general strike about 8.S.E., with a high dip. 

On the northern side a little mica-schist crops out, apparently in 
situ; but its strike is nearer E.S.E. Then comes (after a short 


* In several places, as I have myself seen and have learnt from the Innsbriick 
Museum, the dolomites of the Italian Tyrol rest on either “ Thonglimmer- 
schiefer” or mica-schist. 

t I have verified this assertion many times. 
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interval), apparently in due succession, a fissile greenish or lead- 
coloured mica-schist, its dominant structure being a cleavage-foli- 
ation which strikes roughly 8. of W. and dips at about 75° on the 
eastern side. A quarry on the hill-side about 80 feet above this 
gives a more definite strike W.N.W. to E.S.E., with a high dip 
on the southern side. Here the rock distinctly exhibits a stratifi- 
cation-foliation and a (subsequent) cleavage-foliation, the former 
being indicated by quartzose layers from about -1” to 2” thick, 
separated by thin but well-defined layers of mica. The two 
structures commonly coincide ; but instances may be found where the 
mineral bands are bent, folded, and zigzag across the direction of 
the cleavage-foliation, as the “stripe” often crosses the cleavage in a 
banded slate. Where the two coincide, the layers of mica are crushed 
and burnished, probably by a slight shearing, while in the crossing 
they are puckered and rather crushed, but the bands of quartz are 
only slightly affected (fig. 5). 


Fig. 5.—Quartz-mica-schist from Quarry near Brunecken. 


The lines indicate the thin bands of mica; the arrows point to the “sheen 
surfaces” at right angles to the visible face of the block. Length about 1 foot. 


As the section which we proposed to make across the Central 
Chain promised to exhibit but little of Von Hauer’s gneiss, we made 
a short excursion from Brunecken into the Antholzerthal. Here, 
above Oberrasen, we found excellent exposures of the former rock. 
It is a grey gneissoid granite, rather coarse and sometimes porphy- 
ritic in texture, slightly foliated, but without mineral banding. In 
its jointing and mode of weathering it much resembles a true 
granite, and somewhat reminded me, in its general aspect, of the 
granite on the Lukmanier Pass. South of this, perhaps mapped as 
mica-schist, is a gneissic rock, much more fissile, on the original 
character of which, owing to the great crushing, it is difficult to 
decide. The cleavage-foliation struck a little S. of S.W. and was 
nearly vertical, corresponding with the foliation in the granitoid 
rock. 

Between Brunecken and Lienz, the railway to beyond Olang and 
below Innichen passes or cuts, not unfrequently, outcrops of the 
“Thonglummerschiefer,” which is generally of the normal lead-coloured 
variety. On this rock evidently rest the great masses of dolomite 
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which rise just south of the line for some distance on either side of the 
Toblacher plateau. This is the singular, flat, drift-covered watershed 
between streams which drain on the west to the Adriatic, on the 
east to the Black Sea. 


(y) Lnenz to Mittersill. 


At Lienz we turned northward, ascending the valley of the Isel, 
a broad strong stream which forms an important tributary of the 
Drave. A short distance above the town, by the bridge over the 
Isel, is a knoll of “« Thonglimmerschiefer,” a somewhat banded, lead- 
coloured schist, tolerably hard and strong, the structure dipping at 
a low angle to the E.N.E. This, as I wrote in my diary, “is a rock 
similar in general character to that which we have been seeing ever 
since we came near Klausen” (Appendix, p. 106). Between two and 
three miles from Lienz we came to a number of outcrops of a very 
different type of rock. This resembles one of the strong but rather 
micaceous schists, or fine granular gneisses containing much black 
mica, that are notrare inthe Alps. Itis the ‘“‘ mica-schist” of Von 
Hauer ; his “ gneiss,” of which only a comparatively narrow band is 
exposed, recalled to me the granitoid rock of the Antholzerthal. 
It is succeeded by more “ mica-schist.” Near St. Johann im Wald 
is a second small outcrop of “ gneiss.” Blocks fallen from the crags 
above indicated two types of rock, one a fine-grained gneiss, the 
other a coarse-grained rock with crystals of tourmaline and large 
flakes of mica. Rain prevented us from giving much attention to 
this outcrop; but the general aspect of the crags and of the blocks 
scattered by the road reminded us of the granitoid rock in the An- 
tholzerthal. Beyond St. Johann the “ mica-schist” recurs, and we 
examined it more than once. The rock is often very distinctly 
banded with alternating white (quartzose) and dark (micaceous) 
layers. ‘This stratification-foliation is modified by a cleavage-foli- 
ation, which has a general W.S.W. strike, and dips at about 60° on 
the southern side. Sometimes the two structures coincide, but 
often the latter crosses the former at high angles, and various con- 
tortions are produced. In short, just as in the “Zhonglimmerschiefer,” 
the mineral banding behaves as the “ stripe” in a slate which has 
been much contorted before it set up cleavage. The “ mica-schist ” 
of Von Hauer reminded me of parts of the Lepontine group, 
especially such varieties as we find south of the crest of the St. Got- 
hard, or about the Passo del Uomo, and on the ascent from Airolo 
to the Val Piora. 

For some distance below Windisch-Matrei the valley is rather 
open and comparatively flat, but the little town nestles at the base 
of the eastern mountains. The neighbouring rock obviously belongs 
to the ** Thonglimmerschiefer ” series. On the hills east of the town we 
collected in situ micaceous varieties of this rock, the chloritic schists 
associated with it (presently to be mentioned), and a white quartz- 
schist. The slopes also were strewn with fragments of silvery 
quartz-mica-schist, containing a few red garnets, with other mica- 
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schists and fine-grained gneisses. Of these rocks, the garnet-bearing 
schist is exactly like a variety which occurs in the Tremola-schist 
sroup of the Central Alps ; the remainder resemble the gneisses and 
schists met with on the west side of the Piora lake and on the upper 
part of the Gt. St. Bernard pass. These appeared to come from the 
more southern set of ravines, and recalled to mind the rocks men- 
tioned above, with which they undoubtedly correspond. The white 
quartz-schist, which is very like varieties found in the Val Piora, 
and south of the Gt. St. Bernard, occurs in situ near the top of the pass 
leading to Kals. It dips at an angle varying from 30° to 45° to 
S.S.W. or a little nearer 8. It is apparently underlain by chloritic 
schist, and that by the usual mica-schist ; but I suspect an inversion 
due to folding. 

The path up the main valley, north of Windisch-Matrei, for some 
miles runs entirely over members of the “ Thonglimmerschiefer” series. 
The chateau crowns a projecting mass of white marble, quartz- 
veined at the base, apparently dipping towards the 8. On this side 
a calcareous mica-schist (Kalkglimmerschiefer, V. H.) is exposed at 
the base of the crags, and in the valley below is well displayed near 
the bridge over the river, dipping at a high angle, about 75°, to 
S.S.E. This rock is lithologically identical with some of the “ kalk- 
haliige Schiefer” of the Central Alps. At this point the cleavage-foli- 
tion is parallel with the stratification-foliation. The path (now on 
the right bank of the torrent) winds up and over a great mass of this 
rock, which continues to dip in the same general direction, but 
perhaps not quite so steeply, the strike varying between E.S.E. and KE. 
Beautiful examples of corrugation are displayed, and the indepen- 
dence of the cleavage- and the stratification-foliation, though in general 
the two are coincident in direction, is indubitable. The accompany- 
ing diagram (fig. 6, p. 88)—a fairly careful copy of a part where the 
cleavage-foliation is not very strongly developed and cuts across a 
corrugation—will serve to prove this, and will indicate how closely 
the stratification-foliation simulates, if it does not signify, a structure 
produced by some kind of sedimentation. As the path approaches 
the brink of the gorge of the Tauern, chloritic schist is seen to rise 
on the opposite bank, close to a waterfall, from beneath the calca- 
reous schist, the change from the one rock to the other, indicated 
by a little ravine and a pile of screes, being rather rapid. Presently 
the chloritic schist appears on the right bank, the calc-schist be- 
coming at its base harder and more calcareous, its cleavage-foliation 
(probably coincident with the other structure) dipping to 8. at about 
50°. Screes mask the actual junction; but after about 22 yards the 
chloritic schist, at first seemingly rather calcareous, crops out, the 
cleavage-foliation dipping as before. After a while the chloriric 
schist becomes more distinctly banded, chloritic alternating with 
epidotic layers, as the felspathic bands are associated with the horn- 
blendic in several localities in the Lizard peninsula. A greenish 
mica-schist, intermediate in character between the two types, or 
oscillating from the one to the other, which succeeds, finally passes 
into a typical “ kalkhaltiger Schiefer,” containing a darkish mica with 
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occasional greener bands. This, in about 4 yards, passes back into 
the green schist, which is, perhaps, at first a shade more micaceous 
than usual, but soon becomes perfectly normal chloritic schist *. 
From this description it will, I hope, be understood that the 
eale-mica-schists and the chloritic schists are associated in the same 


Fig. 6.— Rough Sketch of folded Cale-mica-schist above 
Windisch-Matrev. 
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a. Band about 13" thick, chiefly dark mica. 

6. Light-coloured cale-mica-rock with brownish spots. 
c. Idem, darker in colour. 

d. Idem, more distinctly banded. 

e, J. g. Like h, but more brown-spotted. 

h. Browner, more micaceous band. 


The dark divisional lines are the distinct bands of dark mica, at most 2” thick. 
The vertical lines indicate the imperfectly developed cleavage-foliation. 


manner as ordinary stratified rocks, and that there is a real, 
though fairly rapid, passage from the one to the other, so that it 
seems impossible to regard the chloritic rock as the modification 
of a basic igneous rock, either intrusive or interbedded. 

Presently another change is shown in the face of the crags ; for the 
rock has become a highly calcareous mica-schist, almost a marble. 
It exhibits every indication which we should expect from a rock 
originally stratified, the stratification-foliation dipping at about 70° 
slightly to W. of S. It is exposed for about 25 paces by the path ; 
but, as this crosses the strike obliquely, perhaps making an angle of 
30°, the thickness cannot be more than 35 feet. To this, after a 
few yards covered with débris, succeeds a very micaceous variety of 


* For the microscopic structure of these rocks, see Appendix, pp. 107-109. 
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the *‘ kalkhaltiger Schiefer,” full of a lead-coloured mica, and so fissile 
that it is almost impossible to carry away a specimen. This rock is 
least micaceous in its upper part*. Higher up, after crossing the 
stream by a bridge, another chloritic schist is found. 

Further on (approaching Griiben) occurs a rather massive pinkish 
and greenish rock, perhaps a syenite, modified by subsequent pres- 
sure; but beyond this is a banded chloritic schist. Its strike is 
slightly N. of E., but its dip is on the northern side. But after 
passing Frossnitz, we again find well-banded calc-mica-schist with 
the same strike, but a southerly dip, the two foliations being coinci- 
dent. Before long, however, the character of the rock changes, for 
the path crosses rather silvery mica-schists and quartz-mica-schists,. 
which dip at about 50° to $.8.E., and in the débris, brought down by 
lateral ravines, silvery mica-schist with occasional garnets and gneisses 
of “Lepontine” type occur. Beyond a mill (? Landeggsige) the path 
mounts a rocky barrier, which consists of a rather fine-grained mica- 
ceous gneiss of the latter type (Appendix, p. 105); but in a more open 
part of the glen, as the “'Tauernhaus ” is approached, characteristic 
“‘ kalkhaltiger Schiefer” is again found, with a8.E.dip. The gneiss 
below seems to dip in this direction, so that the strike appears to: 
have gradually changed from nearly W. and E. to 8.W. and N.E. 

In the Gschlossthal, as the glen immediately above the Tauern- 
haus is called, and in the range immediately north of it—the water- 
shed of the Tyrol Alps—the Central Gneiss of Von Hauer crops out. 
The most casual observer cannot fail to note the contrast between the 
shivery and comparatively soft schists of the “‘ Thonglimmerschiefer ” 
series and the hard, strongly crystalline rocks of the latter. These: 
we studied, not only in crossing the Velber-Tauern pass, but also 
during our ascent of the Gross Venediger. The minute details have 
no particular interest, so it may suffice to say that banded gneisses 
occur generally in the lower parts of the mountain; these, whether 
micaceous or hornblendic—and they pass sometimes almost into 
strong hornblende-schists—recalled to my mind certain members, 
but not the most coarsely crystalline, of the Hebridean of Scotland 
and the Laurentian of Canada, which are often distinctly modified 
by subsequent pressure. We also find slightly foliated, coarsely 
erystalline, granitoid rock with nodes or enclosures,—probably a. 
granite subsequently modified, the upper part of the mountain chiefly 
consisting of the latter rock +. But in the débris brought down by 
torrents and moraines from the right bank of the Schlattenkees, that 
is to say, from the western part of the chain which forms the 
southern boundary of the Gschléssthal, there is a good deal of mica- 
gneiss and schist (with muscovite and biotite), recalling the rocks 
seen about Landeggsiige, which seem to strike towards this part of 


* The association of the two rocks just described was confirmed by returning. 
to Windisch-Matrei by the left bank of the river, though the rocks are less per- 
fectly exposed along this path. 

+ It abounds on the ascent to the Priagerhiitte, and I do not remember ob- 
serving any rocks except these between the hut (8,700ft.) and the summit 
(12,051 ft.) ; but the greater part of the ascent is over snow and ice. 
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the range. These rocks have a marked resemblance to the ‘“ Lepon- 
tine gneiss’ of the Centrai Alps. I wrote in my diary :—‘‘ The 
rocks seen at the head of the Gschlossthal vary in aspect from the 
‘ Antigorio’ gneiss through the Monte Leone gneiss to that of the 
pass of St. Gothard, but I have seen nothing which resembles the 
Tremola schists,” 

The strong-banded, micaceous and hornblendic gneisses mentioned 
above are traversed on the ascent to the Velber-Tauern pass. My 
observations of the foliation, which is often associated with mineral 
banding, give strikes varying from E.N.E. to E.S.E., with a moderate 
dip, say about 25°, on the southern side; but there are frequent 
indications of rolling and twisting, for higher up the dips vary from 
the southern to the northern side, and north-westerly strikes seem 
to predominate. As we approach the crest of the pass the beds are 
more coarsely crystalline and may be true granites; they show a 
certain foliation, but not mineral banding. On the upper part of the 
descent towards the north we meet with a considerable amount of 
hornblendic rock (Hornblendeschiefer, V. H.), sometimes dark, some- 
times spotted with white felspar (?), occasionally rather coarse, 
slightly foliated or now and then even banded, varying from massive 
to rather platy in structure, on the whole very like some of the horn- 
blende-rock in the Hebridean series. Very much, if not all, may be 
modified igneous rock, which hypothesis is confirmed by the outlines 
of the outcrops indicated on the map. Some distance from the top of 
the pass we noticed that, in the crags on the left bank of the upland glen 
which we were descending, masses of rock, probably from 50 feet to 
about 300 feet thick, exhibited a kind of stratification, indicated by 
differences of tint, and these dipped clearly northwards, at perhaps an 
average angle of 40°. Beyond this the bed of the glen is interrupted by 
a range of cliffs. The bottom of the slope is reached by a rapid and 
rough descent in a north-westerly direction, during which we ob- 
served that the mica now and then became more silvery, and the 
rock, as a whole, assumed a less “‘ ancient” aspect. On reaching the 
bottom the scenery changes, the stream becoming bordered by sloping 
pastures and copses, and no rock was seen in situ till after passing 
the Pinzgauer Tauernhaus (3,530 feet), when a rather fissile chloritic 
schist crops out. Hence to near Mittersill little rock is seen, what 
there is being either the normal chloritic schist or green rock of a 
not very definite character. The lateral torrents, however, bring 
down blocks of fine-grained rather banded gneisses, darker and 
lighter, of various gneisses and schists approaching the Lepontine 
type, with some which appear to belong to the “Thonglimmerschiefer” 
series ; but shortly before reaching Mittersill we traverse in a shallow 
gorge a considerable mass of chloritic schist, with a high dip towards 
the north (Appendix, p. 108). Itis somewhat calcareous, and corre- 
sponds with the green schists in the glen north of Windisch-Matrei. 
According to Von Hauer’s map the associated group of calcareous, 
micaceous, and chloritic schists extends continuously round the 
eastern edge of the Central-Gneiss massif, passing from Windisch- 
Matrei, by the head of the Mollthal, to the valley of the Salza, in 
which, among level water-meadows, Mittersill is situated. 
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(0) Mittersill to Kitzbuhel. 


From Mittersill a good carriage-road ascends the mountain-slopes 
forming the north bank of the Salza, passing a picturesque castle, 
which is perched on a prominent knoll. By its side excellent sections 
are exposed in artificial scarps. The first rock seen is lead-coloured 
“ Thonglimmerschiefer,” exactly like that of the Pusterthal district, 
but with a cleavage-foliation so strongly marked that it masks every 
other structure, and generally renders the rock so fissile that it is 
almost impossible to obtain specimens. The structure dips at a high 
angle (about 70°) north, or a little east of north. Bedding, however, 
is occasionally suggested by changes in the tint of masses. But pre- 
sently, as the road sweeps round a little knoll below the castle, a small 
quarry exhibits a more interesting section (fig. 7). At the lower 


Fig. 7.—Quarry below Castle near Mittersill. 
(Total length of section about 24 yards.) 


A. Fissile Thonglimmerschetfer. B. Cale-mica-schist. C. Marble. 


end it is limited by a very fissile “ Thonglimmerschiefer.” This passes 
rather rapidly into calc-mica-schist, and this, again, similarly changes 
into a banded crystalline limestone, which soon becomes quite 
massive, and so continues for the remainder of the exposure, except 
that there are some very dubious indications of bedding at the 
upper end of the quarry. ‘The strike of the cleavage-foliation at the 
lower part of the quarry is a little N. of W., with a high dip on the 
northern side. This structure is generally coincident with the 
stratification-foliation and with the apparent bedding exhibited by 
the neighbouring calcareous rock, but the dip appears to become less 
steep towards the upper end of the quarry. This marble forms the 
ridge on which the castle stands, and the road, which mounts gradu- 
ally in a westerly direction, leaves it on the southern side and crosses 
varieties of the “ Thonglimmerschiefer,” one being a quartzose schist, 
like that in the quarry near Brunecken. Fine sections are exposed in 
a lateral ravine some distance further to the west, and higher up the 
slope, masses of marble or calc-mica-schist (the rock varies from the 
one to the other) being distinctly interstratified with the typical 
“Thonglimmerschiefer.” Here, in places, the cleavage-foliation is seen 
to cut the stratification-foliation at various angles. In the “ Thon- 
guimmerschiefer” are harder (? quartzose) bands, which sometimes are 
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almost uncleayed, while the micaceous, lead-coloured schist is almost 
as fissile as a slate. 

Beyond this glen, the road turns away from the Salza valley, and 
mounts in a northerly direction to the Pass Thurn (4180 feet). Two 
types of rocks are exposed at intervals, one a “ Thonglimmerschiefer,” 
the other, and rarer, a more massive rock, schistose in aspect, 
apparently a kersantite modified by pressure. The former rock is 
at times so completely crushed that in the field it is difficult to de- 
cide whether it is phyllite or crushed schist. Sometimes it might 
well have been referred to the former, but now and then harder 
bands had the characteristics of true schists. The fissile papery 
varieties are unfitted for microscopic examination, but one of the 
latter (Appendix, p. 106) is a true schist. Hence I conclude that. 
Von Hauer is probably quite right in mapping all on the south side 
of the pass as “‘ Thonglimmerschiefer,” but that the rock has been in 
places almost pulverized. The well-known sections south of Torcross- 
in Devon were constantly recalled to my mind, but in this locality the 
evidence at first sight seemed even more favourable to the idea of a. 
transition from true schist to a satiny slate. I much regretted that 
circumstances prevented me from making a prolonged halt at the 
top of the pass, and following up the rocks for some distance east 
and west. Still I feel convinced that the mapping is correct, and 
that here, as is commonly the case, the most marked effects of 
pressure have been produced in the upper part of the more crystal- 
line rock. Schist, with a cleavage-foliation dipping, where mea- 
sured, between N. and N.N.E., occurs on the first part of the descent, 
but lower down it becomes more like a normal schist and rather 
greener in-colour. After this the valley opens out, and the road 
descends to Kitzbiihel through rich pastoral scenery, beneath which 
the Greywacké (Silurian) of Von Hauer is concealed. Sections, 
however, of the latter can be examined in and near Kitzbthel. I 
have studied microscopically a specimen obtained near a mine 
(gold?) south of thetown. ‘The rock, though it has undergone con- 
siderable pressure, and might be called a phyllite, is quite different 
from any member of the “Thonglimmerschiefer” group. In short, this 
group does not appear more metamorphosed than one of the older 
Paleozoic series of Britain in a region where the rocks have been 
much compressed. It is succeeded unconformably by cream-coloured 
Mesozoic limestones. 


(e) The Zllerthal and the Brenner. 


These sections cut deep into the northern side of the central. 
chain, and enabled us to add to the evidence obtained in our traverse. 
According to Von Hauer, a narrow band of Greywacké, a prolonga- 
tion of that mentioned above, intervenes between the base of the 
Jurassic series and the ‘‘Lhonglimmerschicfer.” This we were unfor- 
tunately prevented from examining 77 situ, though we saw it in frag- 
ments. “‘Thonglimmerschiefer” of a perfectly normal character is seen 
abundantly, first in fragments brought down by lateral torrents, 
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then (about 33 miles below Zell) in situ, a cleavage-foliation being the 
dominant structure. Similar rock occurs a little way above Zell, 
where it is evidently greatly affected by pressure. In the upper 
part of the valley‘around and above Maierhof, crystalline limestone, 
rather compacter in structure and greyer in colour than that south 
of the central watershed, is well developed, as, for instance, at the 
Calvarienberg below the village, and about a mile and a half above 
it, where the mass crosses the valley, and extends, according to Von 
Hauer, far away eastwards and westwards. Its passage into calc- 
mica-schist and then into normal lead-coloured ‘‘ Thonglimmerschiefer” 
is excellently seen in a knoll on the left bank of the valley, where 
the last two, like that already described, exhibit a distinct stratifica- 
tion-foliation *. The crystalline limestone often has a platy struc- 
ture, which strikes not far from E. and W., varying a few points on 
either side. In one place, above Haus, we see it almost in contact 
with a coarse gneiss in which a cleavage-foliation is very strongly 
marked, and of which the last outcrop is only about 10 feet from 
the last knoll of limestone. The cleavage-structures in the two 
rocks are not quite parallel, that in the gneiss being slightly 8. of 
W., that in the limestone a little N. of it. At this point, we have 
either a granite intrusive in the limestone and crushed up with it, 
or a natural junction of an older and a newer series similarly 
crushed, or a faulted junction of the two rocks. As the limestone 
here is exactly in the same crystalline condition as it is in the three 
other localities where I examined it, I regard the first hypothesis as 
inadmissible. As regards the third, I saw nothing to suggest excep- 
tional sliding and shearing, but only direct crushing. Hence I do 
not think there has been an overthrust-fault, and so consider it on the 
whole more probable that limestone and other members of the 
* Thonglimmerschiefer” series were deposited upon an old surface of 
the gneiss. It is true there is no sign of a basal conglomerate, but 
this is not without precedent. 

Above Maierhof three mountain-glens pierce deep into the central 
chain of the Tyrol, giving the traveller another opportunity of exa- 
mining the “ Central Gneiss”’ of Von Hauer. We walked several 
miles up two of these, the Stillupthal and the Floitenthal, scruti- 
nizing the rocks 2 situ, the screes brought down by lateral torrents, 
and the erratics on the floor of the glen. In the Stillupthal we 
noted a porphyritic gneiss, with occasional darker bands of lenticular 
outline, also sundry gneisses and mica-schists, both light and dark, 
which bore some resemblance to gneisses of the Lepontine type. 
The first-named rocks are probably of igneous origin, the difference 
in appearance being due to differences in the effects of crushing. 
Some blocks also exhibited junctions which suggested an intrusion 
of the porphyritic rock into the ‘ Lepontine” gneiss, anterior to the 
crushing, and the foldings in certain of the schists and gneisses are 
such as would be most naturally explained by supposing that a 
stratification-foliation existed when the cleavage-foliation was pro- 

* For the microscopic structure of the rocks of this district, see Appendix, 
pp. 106-108. 


See elite are a 
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duced. If the porphyritic rock be igneous, the gneisses and mica- 
schists in this glen are, as a rule, of a rather less ancient type than 
those in the Gschléssthal and on the Velber-Tauern pass, and resemble 
those which occur on the south side of the former. Porphyritic 
gneissoid rock, similar to the above-mentioned, occasionally asso- 
ciated with a fine-grained gneiss—as if the one were intrusive in the 
other prior to the final pressure—occurs in the Zemmthal as far as 
Ginsling, and in the lower part of the Floitenthal, and was the 
chief rock seen by us in situ; but below that hamlet in the one, and 
above the “Klamm” in the other, lateral torrents bring down 
gneisses and schists of Lepontine type, similar to those just men- 
tioned. Thus it seems that on both sides of the watershed the 
Central Gneiss becomes less strong and massive as we proceed outward, 
and is otherwise modified; in short, it changes from a Laurentian 
towards a Montalban type, without, however, quite attaining to the 
latter. 

We made a short expedition from Innsbriick up the north side of 
the Brenner pass in order to examine the “ Thonglimmerschiefer” and 
the mica-schist. The former rock, which we saw in many places from 
the railway and examined in situ above Steinach, is the usual lead- 
coloured schist, generally greatly crushed (Appendix, p. 106), but in 
which occasionally the two foliations may be distinguished. The 
mica-schist was examined in a quarry near Matrei. It is a fairly 
well-banded rock, the cleavage-foliation apparently coinciding gene- 
rally with the stratification-foliation and both dipping roughly 8.W. 
at about 25°, an unusually low angle. Init occur lenticular masses, 
sometimes from 1 foot to 2 feet thick, which we considered to be 
an intrusive granite modified by subsequent pressure. On the right 
bank of the valley, according to Von Hauer, is an outlier of Triassic 
rock, in which are two rounded patches of serpentine. One of the 
latter we examined carefully in a' large quarry. It was tremen- 
dously crushed and veined with calcite. Here also schist is seen, 
apparently overlain by the serpentine. The last great crushing and 
the subsequent mineral changes make the relations of these rocks 
extremely puzzling, but I believe the following to be the most pro- 
bable account. The serpentine was probably intrusive in the schist, 
the former rock was subjected to pressure, and the fissures afterwards 
were filled with calcite (perhaps obtained from overlying limestones)*. 
Then all the rocks were folded together and rendered fissile by 
crushing. The resulting structure has the usual S.W. strike. Ac- 
cording to Von Hauer’s map the serpentine appears to be also in- 
trusive in the Trias; but on this point the sections which we saw 
unfortunately threw no light. 

We left the Tyrol by the railway over the Vorarlberg pass, and so 
skirted or traversed for some distance the “ Thonglimmerschiefer ” 
series, which occurs mainly on the right bank of the Inn, the Triassic 
limestones rising in grand cliffs on the opposite side. The former 
rock is the usual lead-coloured schist, exactly like that so often 


* Of. “The history of the brecciated serpentine in the hills above Bonasola 
(Apennines),” Geol. Mag. dec. ii. vol. vi. p. 362. 
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described, but the tunnel at the eastern entrance seems to be made 
in a rather harder schist or in gneiss. 

We were thus able to trace this peculiar lead-coloured schist— 
the typical “ Thonglimmerschefer ”—in accordance with Von Hauer’s 
mapping, along its strike, roughly speaking, for a distance of over 
60 miles south of the central range, and for a distance of over 90 
miles north of it, and to find it associated with similar chloritic 
schists, quartzose schists, calc-schists and crystalline limestones in 
several localities. On both sides of the central range we found 
gneisses and mica-schists of like lithological character, and in the 
heart of it, apparently underlying the “ Thong glimmerschicfer ” series, 
a group of gneisses, of hornblendic and granitoid rocks of more ancient 
aspect, which not seldom recalled the oldest rocks with which we 
are acqnainted. 


ILL. Conctusions. 


From the investigations above described, aided by a study of the 
collection in the Innsbriick Museum, I do not see how to escape the 
following conclusions :— 

(1) The “ Thonglimmerschiefer” series, consisting of lead-coloured 
micaceous schists, with more or less quartzose and calcareous 
varieties, sometimes becoming marbles and occasionally chloritic 
schists, forms a group of rocks, well defined lithologically and strati- 
graphically. I have traced it myself, as mentioned above ; but accor- 
ding to Von Hauer’s map (and his types are so well-marked that I 
feel confidence in its accuracy) this group extends eastwards to 
within a few leagues of Gratz, over full 5 degrees of longitude in all. 

(2) Apparently underlying this comes another group, consisting 
of mica-schists and gneisses, bearing a general resemblance to the 
‘¢ Lepontine ” group which is so well exhibited on the St.-Gothard 
Pass and in the adjacent parts of North Italy. While itis difficult in 
some districts to separate this lithological group from the former, 
the typical members of each are perfectly distinct. 

(3) Yet lower, and more rarely exposed, comes a group chiefly 
consisting of banded gneisses, and granitoid gneisses or gneissoid 
eranites. The latter may be igneous in origin, but they have a 
curiously ancient facies, while the banded gneisses are very like 
some of the Laurentian and Hebridean rocks. These appear to pass 
up gradually into the last-named group, so that it is difficult to draw 
a sharp line between them, though, as before, type specimens of 
each are very distinct, the one being very hard, tough, often break- 
ing readily across the banding, the other, whiter, commonly more 
micaceous, friable and fissile. 

Each of these groups is characterized by a general constancy in 
the size of the constituents in typical examples, so that there is a 
marked increase in coarseness from (1) to (8). This may be roughly 
represented by saying that the diameter of grains of the same mineral 
will be as the numbers 1, 2, 3. 

(4) A study of the geological map of the Austrian Alps suggests 
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that the second series in several places is very imperfectly repre- 
sented, and that there is a great break at the base of the first, and 
this accords with what may be observed in the field. 

These conclusions, as will be seen from the former part of this 
paper, and from my remarks in 1886, may be extended to the whole 
Alpine chain. 

In many parts of Switzerland, especially in the Pennine and 
Lepontine Alps and in Northern Italy, a series of micaceous, calca- 
reous, and chloritic schists occurs, which appears to be the highest 
amongst the “slaty crystallines,” which is lithologically identical 
with those described in this paper, and is assigned to a like stratigra- 
phical position. Itis true that the “‘ Thonglimmerschiefer ” group of 
the Tyrol is parted from the similar rocks of the Lepontine Alps by 
a great group of rock called the “ Biindnerschiefer,” which some ex- 
cellent geologists have referred to the Trias. These also I know, and 
while I will not deny that Triassic or even Palzozoic rocks may be 
infolded with them, I see no possibility of distinguishing the domi- 
nant members from those just mentioned, and no probability of their 
being of Mesozoic age. Lam fairly well acquainted with rocks in- 
dubitably Mesozoic, both in Eastern Switzerland and in the Southern 
and Northern Tyrol. Generally calcareous, argillaceous bands are 
occasionally intercalated. These are never, so far as I have seen, 
more than slates, while the dominant limestones and dolomites are 
microscopically and macroscopically different from those associated 
with the upper schists. I have therefore no doubt that the Swiss 
geologists are quite right who regard the ‘“* Buindnerschiefer ” as a con- 
tinuation of the upper schist (** Thonglimmerschiefer” series) of the 
Tyrol and of the upper schist of the Central Alps. Agaim, the 
schists of the south-western Alps (above described), called by some 
authors schistes lustrées, have also been referred, though dubiously, 
to the Trias. Here, again, while I think it very possible that rocks 
of later date, especially of Carboniferous age, may be infolded, I can 
find no evidence in favour of, and much against, regarding the whole 
series as Trias or even as Carboniferous. This group, in the 
Western Alps, can be traced almost without a break into the “ Upper 
Schists ” of the Central Alps. I have again and again wandered 
over the Alpe region, and examined specimens from Monte Viso 
to the Gross Glockner, and find that the rocks, which appear from 
stratigraphical considerations to be the uppermost members of the 
crystalline series, possess characteristics in common, as above de- 
fined, and can be readily recognized as a distinct and well-marked 
"group. 

These are commonly succeeded, in descending order, by a great 
group of mica-schists and fine-grained gneisses, of which we may 
take the Lepontine gneiss for a type. These rocks are more coarsely 
crystalline than the others. The mica-flakes in the schists are 
larger, the limestones more coarsely crystalline. Sometimes, as on 
the south side of the St.-Gothard axis, it is difficult to draw a line 
between this group and the last described ; but generally there seems 
to be a marked break, and occasionally the former appears to be 
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practically absent. In confirmation of this inference I may mention 
that the schists, to which, from their lithological peculiarities, I 
have given the name of the Tremola schists, appear to be rare in the 
Tyrol, in the French and in many parts of the Central Alps, and I 
have not yet seen them so fully developed as on the southern side 
of the St. Gothard. 

Lastly, and seemingly lowest, comes the great group of strong 
(banded) gneisses and granitoid gneisses, which, as said above, some- 
times appears to graduate into the last-named. In the present state 
of our knowledge it is often difficult to identify this group with cer- 
tainty, because we are ignorant of the history of its more granitoid 
members. Nevertheless, we find banded gneisses of a “* Laurentian ” 
aspect in the French Alps and the Central Tyrol, and in some parts 
of Switzerland; and evenif the granitoid members—such as the 
great massif of the Central Oberland—are (as I believe them to be in 
many cases) granites subsequently modified, and so igneous in origin, 
these are curiously like the granitoid rocks which elsewhere are 
grouped with Laurentian and Hebridean rocks, and are unlike the 
granitoid rocks which in other parts of the Alps are associated with 
the above-mentioned groups. ‘This, to say the least, is a remarkable 
coincidence. 

The result, then, of my examination has been to confirm the view, 
expressed in my Address, that, broadly speaking. a stratigraphical 
succession can be detected in the gneisses and schists of the Alps, 
and that these rocks are of Archean age. There have also been 
some negative results. It has been confidently asserted that be- 
tween the second and third groups in the Alps an important one 
should be intercalated, to which the name of Pietra Verde has been 
given. It has been defined as distinguished by “the frequent pre- 
sence therein of serpentine, diorite, diabase, and related rocks of a 
greenish colour’’*. As most of the Alpine serpentines are altered 
peridotites, as diorite and diabase are igneous rocks, it is obviously 
necessary, before taking these as characteristics of a geological group 
of stratigraphical value, to show that they are contemporaneous in 
origin, This, which one would have thought would have appeared 
to any competent petrologist a necessary preliminary, has not been 
done, and, as I know well, it cannot be done. The group is also 
said to contain crystalline limestones, which, however, so far as I 
know, are very local and not readily separable from their associated 
gneisses and schists, so that I have been unable to find any rocks at 
this horizon which can be formed into a definite group. It is, indeed, 
true that hornblendic rocks appear to be rather common just about 
a particular horizon ; but these occur so sporadically that anyone 
who regards them as of stratigraphical value is bound to prove that 
they are not intrusive. Serpentine certainly is of no value as 
marking an horizon in the Alps, for it occurs very commonly in the 
Upper Schist. It has, indeed, been asserted that the serpentines 
are sometimes, both here and in the Apennines, insular masses of 


* “Geol. Hist. of Serpentine,” Trans. Roy. Soe. Canada, vol. i. p. 154. 
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older rock. on which the Upper Schists have been deposited. I think 
that the author of this hypothesis cannot have examined with any 
care the masses described in this paper, or he would have seen that 
these forerunners of the existing Alps must have been the most 
singular mountains which the world has yet known. 

Even less reasonable, as it seems to me, is the proposed correla- 
tion of this “ Pietra Verde” group of the Alps with the Huronian 
of Canada. If the former exists at all, it consists of highly crystal- 
line rocks, and is overlain by a vast series of gneisses and erystalline 
schists. The latter is a great group of fragmental rocks*. In the 
most typical locality they are very slightly altered, and their origin is 
indubitable. Here and thereit is true some schists occur, but under 
circumstances and with characters which justify the supposition that 
they are modified basic igneous rocks; but the rocks which occur in the 
Alps, at the so-called Pietra-Verde horizon, are highly crystalline, 
and their origin, if it be not igneous, is, at present, undeterminable. 

To conclude: rocks of igneous origin, sometimes retaining their 
characteristics, sometimes subsequently modified, probably in con- 
sequence of pressure, occur indubitably at all horizons among the 
erystalline series of the Alps,—serpentine, pyroxenic, and granitoid 
rocks. But I cannot explain, and I believe that anyone who will 
read my description attentively will find it difficult to account for 
the principal members of the Upper-Schist group, if they are not 
altered stratified rocks. Mica-schist, quartz-schist, chloritic schist, 
calc-schist, and limestone pass one into the other, and are associated 
exactly as sandstone, shale, and limestone in an ordinary clastic series. 
The minor mineral bands—the stratification-foliation—are parallel 
with the apparent direction of bedding thus indicated, and I can only 
explain them as resulting from the deposition of materials of variable 
chemical composition, subsequently altered into different minerals. 
I have elsewhere shown? that from indubitably stratified rocks, 
banded schists, which, in their mineral association, though not in 
their minuter structure, exactly resemble the schists of this group, 
have been produced by the action of intrusive igneous masses. If, 
then, we prefer to attribute these structures to some modification 
produced by pressure, such as shearing or rolling-out of a complex 
of igneous rocks, we desert, as it seems to me, inductive reasoning 
for imaginative and gratuitous hypotheses. 

In the middle group, or the Lepontine type, the origin of the various 
members is less readily determined ; nevertheless, rocks of variable 
mineral characters are associated in a way which, atany rate, resembles 
that of stratified masses. Many of the gneises exhibit bands 
characterized by different minerals, especially quartz, felspar, and 
mica, which closely resemble those in members of the upper series, 
though all the constituents are more coarsely crystalline. Hence, 


* The typical district north-east of Lake Huron is now well known, having 
been admirably described by the late Professor Irving (Amer. Journ. Sci. 
vol. xxxiv. pp. 204, 249, 365). I have also seen something of it myself (Quart. 
Journ. Geol. Soc. vol. xliv. p. 32). 

+ Quart. Journ. Geol. Soe. vol. xliv. p. 11. 
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even if we admit an igneous origin for a larger proportion, and 
assign a more important rdle to dynamic metamorphism, it is very 
difficult to explain the regular banding of many members, occurring, 
it must be remembered, not locally, but in thick masses over exten- 
sive areas, by anything but an original structure due to some kind 
of stratification. 

In the lowest series, the question of origin becomes yet more 
difficult. The foliation of many important masses is very probably 
a superinduced structure, due to subsequent earth-movements. ‘The 
mineral banding in others may result from movements in a plastic 
mass anterior to consolidation, modified also by subsequent dis- 
turbances; so that an igneous origin is possible for many rocks 
which are lithologically true gneisses. Still the universal appli- 
cation of this hypotheis would, I think, sometimes land us in serious 
difficulties, and I find it difficult to account for certain coarse crys- 
talline limestones which appear to me to graduate, though quickly, 
into coarse mica-schists and gneisses, if they have not originated in 
some kind of sedimentation or precipitation. 

In February 1886, on resigning the office of President, I laid 
before you the conclusions in regard to the crystalline schists, at 
which I had arrived after some years of special study. The result 
of the work described in this paper, supplemented by visits to Corn- 
wall, Brittany, Normandy, and the Channel Islands, and the study 
of specimens from other localities, while it has cleared up some 
difficulties, and removed some minor misconceptions, has confirmed 
the main conclusions which I then expressed as to the Archean age 
of the gneisses and schists which are included under the three 
types described in this paper. While I quite admit the possibility 
and, in some cases, the probability that many of them, especially 
among the more coarsely crystalline, are modified igneous rocks, 
I am of opinion that where the modification has been foliowed by 
complete recrystallization, it goes back, as a rule, to Precambrian 
ages; so that, even if the rocks have become schists in consequence 
of mechanical stresses, we may rightly speak of them as Archzean 
schists. This, at any rate, is the result of my studies in the Alps :— 
that while the earth-movements to which these crystalline rocks 
have been subjected, not only during the mountain-making of the 
existing chain, but also in the interval between the Trias and the 
Carboniferous periods, and probably anterior to the latter (the 
first, at the present day, being the most conspicuous), have modified 
the structures, and in some cases have blotted out all record of the 
previous history of the rock, the latter is an occurrence comparatively 
rare and local. To learn to read this palimpsest of Nature’s stone 
book is, no doubt, a task which requires long and laborious work. 
Study of the rock-masses in the field over extensive districts, study 
of carefully selected specimens with the microscope are indispen- 
sable. We must remember that, like those who are engaged in deci- 
phering ancient inscriptions and reconstructing an ancient language, 
we are feeling our way, and are in constant danger, owing to the 
imperfection of our data, of drawing incorrect conclusions ; neverthe- 
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less, making every allowance for this, I believe, even after the fog 
which arose from Burlington House last September, that the more 
important of the results mentioned above are not very far from the 
truth. 


IV. APPENDIX, 
Descriptions oF Microscopic STRUCTURES. 
A. Western ALPs. 


(a) Schists of the Combe de Gavet. 


(a) Strong Mica-schist near the Octrot de Vizille (fig. 8).—This 
rock (p. 71) chiefly consists of mica, kyanite, and quartz. The first 
mineral varies from a brown, strongly dichroic mica, to a very pale 


Fig. 8.—Pen-and-ink Diagram of Schist from near Octroi, Vizille. 
( x 29 diameters.) 


(A) kyanite showing linear enclosures. The divergence of these bands in the 
grains is more marked in some other parts of the slide, which, however, 
were not otherwise so well fitted for representation. 


straw-coloured mineral (the more abundant). The latter exhibits 
no marked dichroism, but gives rich colours with crossed nicols. 
This mineral may result from a ‘“‘ bleaching” of the brown mica, by 
separation of the iron constituent; but I am doubtful whether all of 
it can thus be explained. The kyanite occurs in grains, from sub- 
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angular (sometimes four-sided) to somewhat rounded in outline, 
often about :03" wide. They contain tiny flakes of brown mica, 
black granules, and (much more abundantly) minute belonites, which, 
with low powers, appear quite black, but with high powers are seen 
to be translucent and of a pale dull tint. These last are sometimes 
so abundant as to completely discolour parts of a grain of kyanite. 
They are arranged in roughly parallel lines or streamers. The 
quartz occurs commonly in clustered grains, with the usual habit of 
mica-schist. All the constituents suggested that the rock has been 
considerably modified by pressure subsequent to its first consolid- 
ation. The mica is often beautifully bent and puckered; the kyanite 
sometimes appears to have been broken and otherwise disturbed in 
position. This also seems indicated by the fact that the dusky 
black lines mentioned above, while generally lying approximately 
in the same direction in the slide, are sometimes markedly diver- 
gent, as though a grain or a fragment of a crystal had been twisted 
out of its original position. If Iam right in regarding these en- 
closures in the kyanite as anterior to the mechanical disturbance, it 
would seem highly probable that they were in some way a record 
of a differential arrangement of constituents prior to the first for- 
mation of the mineral, and belong to avery early epoch in the 
history of the rock. 

(b) Schist with contorted Quartz-veins by the entrance of Livet (p. 72). 
—This rock chiefly consists of quartz, mica, garnet, and felspar. The 
first mineral calls for nospecial remark. The mica is mainly biotite, 
but there are a few flakes of a pale mica, as above described. The 
garnets are small, often about °02” in diameter, roundish in outline, 
of a pale reddish or yellowish-brown colour, but often darkened with 
dusky enclosures, and frequently showing one rather marked cleav- 
age. But little felspar can now be identified, and that is plagio- 
clase ; but many of the quartz-grains are full of “ dusty ” particles, 
as if replacing a felspar. The rock has evidently undergone 
mechanical disturbance, but is not notably crushed. As the above 
description shows, it is intermediate between a mica-schist and a 
kinzigite. 


(8) Gneiss of the Combe de Malasal, se. 


(a) Gneiss in the glen West of Freney (p. 72).—The rock consists of 
quartz, felspar, mica, and some epidote. The last occurs in granu- 
lar streaks, and is clearly of later origin. The mica varies from 
brown to nearly colourless, and occurs in rather small flakes; the 
felspar is rather decomposed, but a plagioclase and probably ortho- 
clase can be recognized. The structure of this rock has been much 
modified by pressure ; in many parts, the original grains of quartz 
and felspar have been broken up into a “‘ mosaic” of granules, and I 
think the mica has similarly suffered. Thus it is very difficult to 
decide upon the antecedent condition of the rock, but I think that 
its constituents were banded, and the relations of the quartz and 
felspar were those usual in an old gneiss, not in a granite; 2.¢. I 
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believe it (and this agrees with the impression formed in the field) 
to have been a gneiss of the Laurentian type. 

(6) Geiss, 4 kil. West of La Grave (p. 75).—The constituents are 
as above described, except that there is little or no epidote, but a few 
very small, almost colourless garnets are present. The mica, how- 
ever, occurs in larger flakes, and evidently is mostly biotite more or 
less altered. The structure of the rock has been modified by pressure, 
but the original one is retained more distinctly than in the former 
case. It is that of a very old gneiss, not of a normal granite. 

(c) Gneiss from glen below the Meivje Glacier (p. 77).—The differ- 
ences from the last described are only varietal. 


(y) Carboniferous Series near Le Freney. 


(a) Matrix of the Conglomerate, east side of village (p. '74).—This 
is mainly composed of small fragments, which are cemented by a 
minutely flaky or granular material of paler dusty grey colour; pro- 
bably the latter largely consists of mica, produced by the decompo- 
sition of pulverized felspar. Here and there is a fair-sized flake of 
white mica. The fragments occasionally contain felspars of fair size, 
about °05" long, but the matrix of these, and the whole of the rest, 
consists of a mottled mosaic of quartz, apparently traversed by thin 
wavy bands, chiefly of the above-mentioned microscopic mica. Their 
structures suggest a derivation from a gneiss or schist that has been 
greatly crushed and sheared. As these structure-lines point in all 
directions in the slide*, it is difficult to refer them to Post-Carbon- 
iferous movements. The neighbouring rock, however, when in its 
normal conditions, appears to be the ordinary coarse crystalline rock 
described in Sect. I. It would seem therefore as if the fragments 
had not been derived from the immediate vicinity, and their struc- 
ture was a record of Pre-Carboniferous disturbances. 

(6) The Slate west of the village (p. 73) consists of fragmental 
quartz, commonly very angular; felspar, more or less decomposed ; 
white mica, with (rarely) a little brown, and tourmaline (very rare). 
The rude cleavage-lines are darkened by the deposit of a carbonaceous 
substance, which is more or less disseminated throughout the slide. 
We have evidently here a rather fine detritus (the fragments rarely 
exceed ‘01” in diameter), derived from a crystalline series. The 
mineral changes in the rock, since Carboniferous times, appear to me 
to have been extremely slight, yet, as stated above (p. 73), it is com- 
pletely infolded between huge masses of crystalline rock, and must 
have been affected by Pre-Jurassic as well as by Tertiary disturb- 
ances. 


(6) Calc-mica-schists Hast of the Watershed of the Cottian Alps 
(pp. 80-82), 

As stated in the foregoing paper, these rocks belong to one 
general type, the individual constituents being small grains or 
flakes, generally less than -01'’ in diameter (except in the cases of 

* This is also true of the larger fragments. 
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the calcite), but the structure being truly crystalline. I have 
examined specimens from the following localities :—(a) by the road to 
Oulx, about halt a mile below Cesanne ; (6) associated with serpentine 
west side of Col de Sestricres; (c) succeeding the serpentine ; 
(d) harder band in micaceous schist ; (¢) contorted schist at sketch 
(p. 80); (f) the dark schist below Champlain duCol. 6-/ are taken 
in order on the ascent of the west side of the Col de Sestricres. 

Their chief constituents (excepting >) are quartz, calcite, and mica, 
the last sometimes brown, more often white, rendered in places. 
almost opaque by black carbonaceous dust, which has a streaky, 
more or less banded arrangement, and is commonly associated with 
the mica. (d) contains a fair amount of dolomite and not much 
mica. All the slides indicate that the rocks have been subjected to 
considerable pressure, followed by a certain amount of mineral re- 
arrangement ; but the form and mode of association of almost all the 
grains of quartz and calcite (or dolomite), and of the mica-fiakes, is 
such as to convince me that the rocks, prior to the disturbances, 
were true crystalline schists. Microscopic study also has confirmed 
the opinion formed in the field, that the foliation was a record of 
stratification, and that the rocks are altered sediments. (6) differs 
from the rest. Its constituents are extremely minute, and the diffi- 
culty of examining them is increased by their feeble action on 
polarized light. The only distinct minerals, except a few granules 
of iron-oxide, are some fairly thick scales of a chlorite (average 
about :005" in the longer diameter) ot a pale green colour and very 
weak depolarizing action. These are thinly scattered through a 
eround-mass, which appears to consist of minute chalcedonic silica 
(perhaps sometimes even of opal) and plates or belonites in great 
abundance of a very pale greenish-brown mineral. Evidently the 
rocks have been greatly compressed. This is indicated by the con- 
tortion of some tiny chalcedonic veins and the presence of a rude 
cleavage. It might be either an ordinary sediment greatly affected 
by pressure, or a rather fine-grained schist similarly modified. 
Further we know not how much alteration may be due to the prox- 
imity of the serpentine. Hence I can merely state the facts and 
say that, with my present knowledge, I cannot venture to draw any 
inference from this specimen. Crush a fine-grained schist, and crush 
a fine-grained mudstone, and you sometimes come locally to the same 
result, the difficulty of separation, be it noted, being chiefly due 
to the minuteness of the constituents. 


(e) Gneisses of the lower part of Val Chisone (p. 83). 


These are grouped together as having much in common. The 
specimens examined are from (a) near La Mean (?), Commune de 
Rolle, (6) Quarry 13 kil. above La Perouse, (c) Large quarry about 
300 yards south of San Germano. The chief constituents are quartz, 
felspar, biotite, more or less epidote, and some iron-oxide, with 
garnet and zoisite as accessories. ‘They agree generally in the fresh 
condition of the constituent minerals, and in the absence of signs of 
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recent crushing. The grains of quartz and felspar have a slightly 
Wavy outline, and form a sort of mosaic or agglutination, and the 
two minerals are frequently difficult to distinguish. Microlithic 
enclosures are rather common, such as epidote, zoisite, and perhaps 
garnet. The constituents of the rocks exhibit a certain parallelism, 
but little approach to a true mineral banding. In (a) small garnets 
(reddish) are rather common, generally rounded in outline. The 
biotite more frequently passes into a pale greenish mineral, and a 
little pale hornblende may be present. Small grains and crystals of 
a mineral resembling epidote are numerous; some give the usual 
bright tints of that mineral, but many only afford low blues of the 
second order, with, as a rule, oblique extinction. Probably more 
than one variety of the mineral is present, and perhaps a little zoisite. 
In (6) there is more approach to a mineral banding; the mica is 
in better preservation; garnets are rare or absent. The normal 
epidote is rather abundant, with, however, the low-coloured variety, 
and some well-defined zoisite; (c) has a considerable amount of 
zoisite * with a little garnet and sphene. The peculiar structure of 
these rocks separates them from the ordinary gneisses and schists. 
It suggests the possibility of an igneous origin, which, in one case at 
least (c), is corroborated by the field-evidence. Pressure may have 
been an agent in the metamorphism, but it must have been followed 
by almost complete mineral rearrangement. The structure differs 
entirely from those exhibited in the granites, gneisses, and schists of 
other parts of the Alps, which we may reasonably consider the 
results of the great disturbances of Tertiary date. Moreover the 
foliation produced by these is, commonly, roughly parallel in its 
strike with the dominant trends of the ranges. Here, however, it 
runs almost at right angles to the direction which we should have 
expected, and which we actually found in the neighbourhood of the 
watershed. The natural inference, then, would be, that we are deal- 
ing here with a foliation of earlier date than the Tertiary disturb- 
ances. 


B. Eastern Arps. 


(a) Central gneiss (Von Hauer), Velber-Tauern district 
(pp. 89, 90). 


Of the more hornblendic varieties, three specimens have been ex- 
amined. In all, hornblende (normal), quartz, and more or less felspar 
are present, sphene is generally found, and more or less ferrite or 
opacite. The specimen “from the valley bed above the Tauern 
Haus ” contains a little of a mineral resembling kyanite; it may be 
a modified dolerite or diorite, but the structural change cannot be 
recent, complete mineral rearrangement having taken place. 
Another specimen, taken about 800 feet above Gschloss, on the way to 


* T have to thank Mr. Teall for enabling me to identify this mineral. As it 
happened, though I had an abundance of the so-called saussurite, I had no good 
typical zoisite in my collection. 
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the pass to Mittersill, contains also a fair amount of black mica, the 
flakes being without definite orientation, also a little epidote. The 
remark just made applies also to this specimen. A “ dark variety ” 
from near the summit contains more epidote; the quartz-grains 
give very distinct indications of an old crush-structure. 

Two specimens of the more granitoid rocks which occur near the 
top of the pass have been examined. The ground-mass is a mosaic 
of quartz, felspar (rather decomposed), and occasional flakes of 
white or brown mica, in which occur streaky aggregates of quartz- 
granules, irregularly bordered grains, sometimes rather elongated, 
of felspar, in one specimen of microcline or of orthoclase, in another 
probably of plagioclase. These occasionally contain rounded in- 
clusions of quartz, flakes of brown or green mica, and in one case 
(rather abundantly) of white mica. The structure of the rocks in- 
dicates modification by pressure, but at no recent date, for the con- 
solidation is complete. Anterior to that, it may have been either a 
normal granite or a gneiss of Laurentian type. 


(8) Mica-schist and Gneiss (Von Hauer) (pp. 86, 89, 94). 


I have examined but few specimens microscopically, because, in 
one case, I believe the gneiss to be a modified granite, in others 
because the specimens were not collected in situ. As it happened, I 
did not actually cross extensive outcrops of the group, though I saw 
its rocks frequently in moraines and torrent-débris, as well as in the 
Innsbrick Museum. It may suffice to say of these that, as a rule, 
had they been shown me as coming from the St.-Gothard district, I 
should have seen no reason to doubt the statement. The specimens 
examined came from the base of the Rauberberg, from near St. 
Johann and Landeggsiage, in the Iselthal, and from Matrei on the 
Brenner. They all contain quartz, white and brown mica, and gar- 
nets, with some felspar, the constituents being commonly about -02" 
in diameter, sometimes a little more. 

The details of their accessories, and the minor structures, are of no 
general interest ; (a) and (c) give indications of mechanical disturb- 
ances subsequent to the production of their foliated structure; (0) is 
not quite so markedly foliated or banded. 


(y) “ Thonglimmerschiefer” series (Thonschiefer, Se. of Von Hauer). 


As intimated in the text, the rocks of this widely spread series 
may be roughly grouped under five lithological divisions—(a) the 
quartz-schists and quartzose mica-schists, (6) the lead-coloured mica- 
schists, which appear to be the most characteristic of the series as a 
whole, (c) the calc-mica-schists, (d) the crystalline limestones, and 
(¢) the green schists. These groups may be briefly described as 
follows :— 

(a) This rock is chiefly composed of quartz-grains of rather 
irregular outline, which with crossing nicols commonly exhibit a 
differently tinted border, and of flakes of a colourless or very pale 
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greenish-grey mica, which are often about :01” long, the former 
being sometimes a little larger. Here and there is a little ferrite 
and (rarely) a cluster of minute mica-films, with perhaps one or 
two very small colourless garnets. The structure suggests that the 
rock has been to some extent sheared by pressure. It bears a 
general resemblance to certain of the quartz-schists of the “‘ newer 
gneiss” series of the Highlands, especially those which seem less 
affected by the results of the overthrust. It is difficult to say how 
far the mica is a secondary product; I incline to regard it as in the 
main anterior to the pressure-modification, but to some extent sub- 
sequently recrystallized ; for the outline of the flakes is commonly 
distinctly rectilineal. 

Of the more micaceous varieties, specimens have been examined 
from the quarry near Brunecken (p. $5), and from above the castle 
on the route from Mittersill to Kitzbiihel (p. 91). Both consist 
mainly of quartz and mica, chiefly colourless or very palegreen. A 
few grains may be felspar or kyanite. Among the microliths, zircon 
and rubite are probably present. In the former rock the mica is 
often slightly coloured, and the bands are frequently more or less 
ferrite-stained, sometimes rendered almost opaque. Both have evi- 
dently been much disturbed subsequent to the first foliation; the 
former, as described, shows a cleavage-foliation superinduced on a 
stratification-foliation. The latter has been so much crushed that 
the first-named foliation dominates, while the latter can only here 
and there be traced. As might be expected, the quartz constituent 
varies in size, much of it being quite minute. This gives the rock 
at first sight a clastic aspect, but I have no doubt this is secondary 
—the result of crushing. At the same time I believe the rock to 
have begun its history as a sediment, though the original constituents 
can no longer be recognized. 

(6) Specimens of this group have been examined from various 
localities. Perhaps the most characteristic are those from the en- 
trance of the Iselthal (p. 86), and from near Steinach on the Brenner 
(p. 94). The chief constituents are quartz and mica, the latter com- 
monly white, but occasionally pale green. The Iselthal specimen 
contains a fair amount of hydrous green mica or chlorite and more 
or less “ ferrite” with a little kyanite. The Steinach specimen has 
its mica associated with considerable quantities of opacite, so that 
the slide is in parts streaked with black. Grains of kyanite are 
fairly abundant. This rock, in short, has a remarkable resemblance 
to some of the lead-coloured schists from South Devon*. Kyidently 
it was once a foliated rock, with alternating quartzose and mica- 
ceous bands; these have been crumpled and “ vandyked,” and a 
strain-slip cleavage developed in parts, parallel, of course, with the 
cleavage-foliation, which now dominates in the mass. The Iselthal 
specimen has a similar history, though it is not quite so markedly 
banded. Specimens from the Zillerthal and from the ascent from 
Kitzbiihel are a little more quartzose, and brown mica seems more 


* Quart. Journ. Geol. Soc. vol. xl. p. 1, & vol. xliii. p. 715. 
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abundant. In these, cleavage-foliation dominates, though traces of 
the stratification-foliation can be detected. As a rule, they have 
been almost pulverized, the bulk of the slide consisting of minute chalce- 
donic quartz and minute mica, green or brown, with an occasional 
nest of granular quartz, or a large flake of mica, which seems to 
have escaped destruction. The more micaceous varieties from the 
last locality are so crushed that I have thought it useless to have 
them sliced, as [ have no doubt as to their nature. 

(¢) Three specimens examined. They consist of variable amounts 
of calcite, mica, generally almost or quite colourless, and quartz, 
with a little iron-oxide in grains. All exhibit a cleavage-foliation 
posterior to the crystallization of the constituents ; that on the 
ascent from Windisch-Matrei (p. 87) has more quartz and less cal- 
cite than the others; it is rather discoloured with ferrite and opacite 
and contains several granules of a discoloured brown mineral looking 
not unlike a garnet, but with double refraction—perhaps rutile— 
also, I think, a little zircon. In the specimen associated with the 
green schist from the higher part of the same glen (p. 88), calcite and 
dolomite predominate over the other constituents, and there is, I 
think, a little kyanite. In that from the quarry beneath the castle 
at Mittersill calcite predominates, and there are several grains of a 
mineral which is probably epidote. 

(d) Five specimens examined. Rather compact white marbles :— 
(a) from the east end of the Castle Rock, Rrunecken, ((3) from base of 
Weissenstein, Windisch-Matrei, (y) pale grey finely crystalline mar- 
ble from quarry under castle, Mittersill. Very compact fissile grey 
marble from near Maierhof, Zillerthal, (0) from near bridge above 
Maierhof, (¢) from the Calvarienberg. (a) consits mainly of calcite, 
(G) and (y) are more strictly dolomite. Besides these carbonates 
there are only a few small flakes of white mica, a few granules of 
quartz or of some colourless silicate, and alittle ferrite. (6) contains 
a little more mica, and the calcite is rather “ dirty ”-looking. (e) has 
still more mica, rather larger and more abundant granules of quartz 
and, perhaps, of a silicate which I cannot identify. 

All have been subjected to great pressure. This is indicated by 
_ the variation in size of the grains of the calcite (or dolomite) and 
the fragmental aspect of the larger, which occur either isolated or 
in groups cemented by a mosaic of the smaller grains. The former 
also have one cleavage strongly developed, and occasionally exhibit 
twinning. Mechanical disturbance is most marked in (6) and (e). 
Now I have always noticed in the Alps that the proverb “ noscitur 
a sociis ” holds in regard to schists and limestone. Ifcertain macro- 
scopic characters are present in the former, the latter exhibits a 
certain aspect *. But the limestones in the upper part of the Zil- 


* T have found this hold good in every region which I have hitherto exa- 
mined, though I admit that a limestone is more liable to mislead than almost 
any other rock, except perhaps a quartzite. Limestones of comparatively recent 
geological age, when altered by igneous rocks, sometimes closely resemble the 
marbles of Archzean age. At the same time I believe, as the result of what I 
have noticed, that further study would reveal differences, 
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lerthal at once struck me as rather abnormal. They were more 
compact, less saccharoidal, than I had been accustomed to see, when 
they were among crystalline mica-schists. The microscope shows 
that this is due to the rock having been more or less pulverized and 
subsequently recemented, so that its texture bears some resemblance 
to that of the Mesozoic Alpine Limestones. Perhaps I should add 
that I am well acquainted with the Tyrol dolomites, and that they 
differ in some respects from all the rocks described in this para- 
graph, macroscopically and microscopically. Further, it is only at 
Bruneckeri that any doubt could arise as to the geological horizon 
of the limestone ; but here, I think, its relations to the schists and 
its position with regard to the neighbouring dolomites becomes clear 
on examination. 

(¢) Four specimens, a, 3, y, from the gorge above Windisch-Matrei 
(p. 87), 6 from the ravine near Mittersill (p. 90). All contain 
chlorite, often in flakes about -02 inch long. Possibly more than 
one species is present, but most of it is of a yellowish green with 
transmitted light, a fairly bright sap-green with vibrations perpen- 
dicular to the vertical axis, and a kind of straw-yellow with those 
parallel with it, and the extinction appears to indicate a mineral of 
the hexagonal system. Yellowish epidote is also present in variable 
quantities. In (a), from the top of the mass, the epidote in parts 
of the slide occurs in minute granules, with a “‘ dusty ” look, render- 
ing the structure obscure, but in other parts in well-defined grains 
and prisms, often about ‘01 inch long. There are some character- 
istic crystalline grains of kyanite, containing the dark enclosures 
with linear arrangements described above (p. 100), and occasionally 
small grains of epidote. A little quartz and some grains of iron- 
oxide occur, with much opacite lying along the lines of cleavage- 
foliation. In (3), from some distance down in the mass, almost half 
the slide consists of somewhat rounded grains about :02 inch in 
diameter, of a clear mineral containing numerous minute flakes of 
chlorite and granules of epidote. These constituents exhibit a rough 
parallelism throughout the slide. It is rather difficult to decide 
upon the nature of this clear mineral, but some grains are twinned, 
and it appears to one to correspond better with kyanite than with a 
felspar. There are a few grains of an iron-oxide, probably hematite, 
and in one part is a little dolomite or possibly chalybite. (y) epi- 
dotic schist underlying the interband of calc-schist. In parts of 
this, epidote is abundant and well developed. The supposed kyanite 
occurs, but there is certainly some quartz, and crystalline grains of 
hematite (?) are more common. (6), from near Mittersill, seems to 
have rather more quartz, calcite, and iron-oxide than the others, 
with less epidote; but the differences appear to me only varietal. 
These rocks all give evidence of mechanical disturbance subsequent 
to the first crystallization. 


I am indebted to Mr. E. Greenly for the following analyses of 
varieties of these chloritic schists, made in the chemical laboratory 
at University College :— 
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No. I. No; LE No. III. 
SO er 43-48 50-80 47-44 
PANO ssa) seabats 14-54 23-08 15-26 
Be Oli vaahy 10-20 6-44 4-42 
HIG Oech ot at 7:87 4-09 8:36 
Cana doses 6-29 4:75 5-29 
EO ee tala 1-70 12-15 
K,O+Na,0., 2°68 4-50 4-58 
FUR ssp 4 2°51 3°55 Pai 
COA ieee ‘97 62 “75 

99°65 99°53 100-52 


No. I. (() of above description. No. II. (y) the same. 
No. III. (6) the same. 


Nos. I. and III. indicate that the composition of the rock is not 
very different from that of a basalt, and suggest the possibility that 
the original material might be a basic tuff. The analysis of No. II. 
is nearer that of some ordinary argillaceous rocks, and may indicate 
that the original material was a clay with perhaps a slight admix- 
ture of basic ash. A detailed study of No. I. seems to indicate the 
probability of a fair amount either of free quartz or of a silicate with 
a higher percentage of SiO, than kyanite being also present, if the 
identification of the last mineral be correct. 


Discussion. 


The Presipenr said that the paper was a valuable addition to 
studies which the Author had made especially his own. By adopt- 
ing three instead of four groups he had simplified the classification. 
It was clear that in the Alps, as elsewhere, there was at the base 
of the Archean a series of highly gneissic rocks, whilst in an upper 
division were indications which could only be reconciled with the 
idea of aqueous deposition. It was noteworthy that the Author 
had not countenanced any hypothetical parallels with Archean rocks 
on the other side of the Atlantic. 

Mr. THaLL commented on the great divergence of opinion between 
the Author and geologists like Heim. The former, he considered, 
held exceptional views, though there was evidence in his papers of 
increasing faith in dynamic metamorphism. The Author claims to 
be able to distinguish between Archean schists and later rocks ; 
the opposite school asserts that rocks of later date have been re- 
duced to the condition of crystalline schists. 

As a test case, he would mention the discovery of Belemnites 
by Charpentier and Studer in the garnetiferous mica-schists of the 
Nufener Pass and Fontana. Dr. Grubenmann of Frauenfeld had 
recently given an elaborate petrographical description of these rocks. 

As regards the lower division, it was held that primary foliation 
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in many cases did not date from a period extremely ancient, but 
rather from the period of upheaval. Lawson declares that certain 
of the banded gneisses of Canada, hitherto known as Laurentian, 
are intrusive igneous masses. M*Mahon also had pointed out 
the intrusive character of gneissic masses of the Himalayas. In the 
above remarks he had put forward the views of other people, but 
his own work had led him in the same direction, and he concluded 
that there was no safety except on the solid ground of rational 
uniformitarianism. 

Dr. Hicks denied that there was any evidence in this country of 
such metamorphism of the newer rocks on a large scale. We were 
told that these crystalline schists may be of any age. Though there 
are fossils in an altered rock at one spot, this surely is not evidence 
enough to tempt us to regard the whole of the non-fossiliferous 
portion as necessarily of Jurassic age. Why should the fossils be 
present at one place and entirely absent in all the rest of the area if 
the rocks are of the same age? 

Mr. BavermMan was sorry that there was not more expert-know- 
ledge available for the discussion of the paper. Heim’s results 
were, he believed, obtained in the Central Alps, and not in either 
of the districts under review. He was not acquainted with the 
eastern section brought forward by the Author, but that across the 
Maurienne appeared to him to represent the structure of the country 
as he had seen it. 

Prof. Buaxe remarked that Heim distinctly stated that his region 
of the Alps was not suited to determine the succession of the schists, 
but that Lory, who had studied the same district as the Author, 
found there a true stratigraphical sequence ; he also inquired with 
regard to the Silurians shown on the map, if the schists are any- 
where seen to underlie these. 

Dr. Gurxrn, while acknowledging the unwearied industry of the 
Author, expressed his doubts as to the success of attempts to make 
out an order of succession among the crystalline schists, except upon 
very detailed work. As regards the Alps, it is a fact that Belem- 
nites occur in a truly schistose garnetiferous rock. The evidence of 
Heim and others went to show that infoldings of Jurassic rocks had 
become truly crystalline. The question to be settled was how much 
of the crystalline schists of the Alps were originally sedimentary 
rocks. 

The Avrnor, in reply, said that the grouping had been somewhat 
reduced, but that he had always been doubtful with regard to the 
pietre verde. He accepted the issue as stated by Mr. Teall, for he 
had fully expected to hear of the Belemnites; he had not been 
profoundly impressed by the views of Mr. Lawson ; and had always 
admitted the possibility of some of these structures having been 
subsequently produced. His faith in dynamic metamorphism had 
certainly increased, but that was no reason why he should allow it 
to become a superstition. But he maintained that these banded 
structures were different from those produced by the last great move- 
ments in the Alps. Throughout the whole of the Alps certain 
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types of rock form the floor for both the Trias and the Carboniferous. 
With respect to the so-called Silurians in the map, there was a 
marked difference between them and the schists, and they could be 
distinguished by careful observers ; but he had not seen the schists 
actually underlying them, as he had not followed the outcrop east- 
ward. 

It Heim was right, he was wrong; but from his knowledge of the 
districts, he thought it probable that these alleged cases were in- 
foldings of Jurassic rock in the older crystalline series just at these 
points, and that it would be found there was a very important 
difference between the Belemnite-bearing rock and the true garnet- 
schist which he had described on a former occasion. 
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5. Description of a New Spxcies of Crupea (C. vectensis) from 
OxieocenE Strata in the Iste or Wicur. By E. T. Newron, 
Esq., F.G.S. (Read November 21, 1888.) 


[Puate IV.] 


Mr. G. W. Cotenutr, of Ryde, has recently been investigating the 
Oligocene strata of the northern parts of the Isle of Wight, 
and an account of his researches appeared in the August number 
of the ‘Geological Magazine’*. Among the numerous fossils 
he has obtained from these deposits, none are more interesting 
than the small fishes which occur, apparently in some numbers, 
in a grey shaly clay belonging to the “ Osborne Series,” at King’s 
Quay and other localities. The best examples, which Mr. Colenutt 
kindly sent me for examination, vary in length from 20 to 60 milli- 
metres. Most of them have the back concave and the mouth 
wide open, seeming to indicate that they died in a state of tetanus, 
probably due to asphyxiation, as their condition is very similar to 
that of fishes which have died from being kept in too small a quantity 
of water. 

Many of these fossil fishes are beautifully preserved, with the 
vertebral column, ribs, fins, and tail in their natural positions. 
The heads also are present, but unfortunately they are all more or less 
mutilated, so that the forms of the bones cannot be well deciphered. 

The large examples, of which there are four well preserved (Pl. IV. 
figs. 1, 2, 3), measure from 43 to 58 millimetres in length. These 
vary somewhat in form, as will be seen from the examples figured ; 
but this is probably due to pressure, as they seem to be precisely alike 
in other particulars. The single dorsal fin has 14 or 15 rays, and is 
placed as nearly as possible in the middle of the fish, the front rays 
being midway between the tip of the snout and the base of the tail. 
The ventral fins are directly under the front rays of the dorsal fin 
and about midway between the pectoral and anal fins. In only 
one example can I count the rays of the ventral fin, and this has 
eight ornine. The pectoral fin is seen in two or three specimens, 
and in one of them it has nine rays, the longest reaching about 
halfway to the ventral fin. The vent is situated midway between 
the ventral fin and the base of the tail; and the anal fin, which has 
sixteen or seventeen rays, extends from the vent for about two 
thirds of the distance between the latter and the base of the tail. 
The tail itself is deeply forked and has about twenty rays. 

The scales seem to have been very thin, and are in all cases too 
much broken to allow anything definite to be said as to their form 
and structure. One or two specimens, however (figs. 1, 2), give 
some idea of their size, and it seems probable that there were about 
nine in a row between the dorsal and ventral fins, and perhaps forty 
or fifty between the head and tail. To the naked eye the scales 
seem to be devoid of ornament, but with the aid of a microscope 


* Dec. iii. vol. v. p. 3858 (1888). 
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delicate concentric ridges may be seen. There are no traces of a 
lateral line. 

One of the most striking features in the structure of these fishes 
is the row of strong spines which extends along the ventral margin 
from the pectoral arch to the vent. There are ten or eleven of these 
spines between the pectoral and ventral fins, and ten or eleven be- 
tween the latter and the vent. One, if not more, of the specimens 
shows some of the spines extending in front of the pectoral fins. 
Each of these abdominal spines consists of a horizontal plate, shaped 
like a ploughshare (Pl. IV. fig. 1c), with a free strong point directed 
backwards, supported on each side by a vertical triangular plate, 
strengthened in its middle by aridge. In fact these spines are similar 
to those found in the Herring and Sprat, but are proportionally 
stronger. In the Herring the median spine and its lateral plates 
are in one piece; but in these fossils the lateral plates so frequently 
separate from the spine at the same place, as to give the appear- 
ance of a definite division at this point. Two of the larger speci- 
mens have the vertebral column so well preserved that one can 
count in them respectively forty and forty-one vertebra, of which 
fourteen or fifteen are caudal. None of the specimens have the head 
sufficiently perfect to show its precise form; but the outlines of some 
of the separate bones may be traced, and the close resemblance be- 
tween these and the corresponding parts in the Herring and Sprat 
make it tolerably certain that in the form of the entire head they 
also resembled those fishes. The mandible is deep in proportion to 
its length, and the oral margin nearly vertical and seemingly devoid 
of teeth. Parts of both maxille are shown in one specimen (fig. 1 ), 
and it will be seen that while the proximal end is slender the distal part 
expands into a broad plate, and this is overlapped by an accessory 
maxillary bone of an oval shape, the upper end of which is broken ; 
but there can be little doubt that, when perfect, it was continued 
into a slender process forming with the oval plate a battledore- 
shaped bone, as in the Herring. The quadrate bone is shown in 
one specimen, and has very nearly the form of an equilateral 
triangle. The anterior half of the parasphenoid is a slender style, 
widening out where it comes to underlie the brain-case; but none 
of the specimens show how it terminated posteriorly. ‘The upper 
and lower parts of the preoperculum are nearly at right angles to 
each other (fig. 1@); the outline of the bone, however, cannot be 
traced. The junction of the operculum with the suboperculum 
forms an oblique and nearly straight line; not horizontal, as in the 
Pilchard, or sigmoid, as in the Herring. Whitebait, which are said 
to be young Herrings, have the sigmoid curve only slightly marked. 
The gillrakers are long, as shown in the specimen represented by 
figure 2. 

The bones of the tail (fig. 7) are arranged on the same plan as in the 
Herring and Sprat*. The hindermost vertebra is continued up- 
wards and backwards into a style supported by lateral processes ; the 


* See Journ. Quekett Club, ser. 2, vol.i. p. 79 (1882). 
Qw.G.S. No. 177. I 
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heemal arch of the same vertebra is strong, and, extending downwards 
and backwards, forms the lowest hypural bone; above this may be 
seen, in two of the specimens, two broad triangular plates with a 
space between them, seemingly occupied by another and narrower 
plate; thus the positions of four hypural bones are indicated. In 
one of the specimens, above the uppermost triangular plate, may be 
seen the positions of two, or perhaps three, narrow ones; so that 
one may trace the position and, to some extent, the form of six, if 
not seven, plates corresponding with those which have been de- 
scribed in the tail of the Sprat and arranged in the same manner. 

The smaller examples of these fossil fishes (figs. 5, 6) are from 20 to 
25 millimetres in length, and, at first, I thought might belong to a 
second species, as the dorsal fin, in some of them, seemed to be placed 
more forward, and the number of vertebrae which could be counted 
was never more than thirty-seven or thirty-eight (fourteen or fifteen 
being caudal); but upon carefully measuring the specimens, and 
making some allowance for crushing in fossilization, I felt that these 
differences were insufficient for specific distinction. The number of 
rays in each fin and the number of abdominal spines seemed to be 
the same in both. The smaller specimens are therefore provisionally 
referred to the same species as the larger. 

If the characters given in the above description be compared with 
the diagnoses of the Clupeide given by Dr. Giinther *, there will, I 
think, be no question as to these Oligocene fishes belonging to the 
genus Clupea; and, indeed, they agree so closely with the recent 
British species that it may be well, in the first place, to notice some 
of the points in which they differ from them. 

In the Oligocene fishes the dorsal fin has its anterior rays mid- 
way between the end of the snout and the base of the tail, while the 
ventral fin is placed below its anterior part. Clupea harengus also 
has the dorsal fin in this position; but the ventral fin is below its 
middle part. OC. pilchardus has the dorsal fin placed more forward 
than in the fossils, and the ventral is again below its middle part. 
C. sprattus has the ventral fin below the anterior rays of the 
dorsal fin, as in these fossils; but the dorsal fin itself is further back. 

Dr. Giinther gives sixty-one species of Clupea in his British 
Museum Catalogue; but of these, only seven have the ventral fins 
opposite the anterior rays of the dorsal fin, namely, C. sprattus, 
C. argyrotenia, C. aurea, C. arcuata, C. palasah, C. melanura, and 
C. lite. All of these differ from the fossils under consideration in 
having the anterior rays of the dorsal fin either nearer the head or 
nearer the tail. The position of the dorsal fin in the last two of 
the above species is given by Dr. Day in his ‘ Fishes of India,’ 1878. 

It is evident, therefore, that although the Isle-of-Wight fossil 
fishes belong to the genus Clupea t, and are closely allied to some 


* Catalogue of Fishes in the British Museum, vol. vii. p. 381 (1868). 

t [Norz. 10th Jan., 1889.]—The remarks made by Mr. A. Smith Woodward, 
when this paper was read, have led me to re-examine the fossils with special 
reference to the anterior dorsal region, and the appearances seem to be rore 
in favour of the presence of scutes in front of the dorsal fin than I had thought. 
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of the recent species, yet they cannot be referred to any one of 
them. 

Among the fossil species of Clupea which have been recorded, I 
have been unable to find any form precisely agreeing with Mr. Cole- 


Outline Diagrams of Species of Clupea to show the different positions 
of the Dorsal and Ventral Fins. The vertical dotted line is placed 
midway between the end of the nose and the base of the caudal 
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nutt’s specimens from the Isle of Wight, although some of them 
appear to be closely allied. Clupea Beurardi and C. minima from 


I find also, in some of the specimens, bones in front of the dorsal fin and 
above the neural spines similar to those in C. Fontannesi (see page 116), and 
something like the broad neural spines in Diplomystus analis, Cope (Rep. U.S. 
Geol. Surv. Terr. vol. iii. plate 7, fig. 4, 1884). I should like to have better 
evidence, however, before referring the Isle-of-Wight fishes to Diplomystus. 

12 
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Lebanon, and (. dentex from Murazzo Strutiano*, are somewhat 
like, but not so near, I think, as some of the recent forms. 

C. Beurardi has the head proportionately much larger: C. dentex 
has the ventral fin under the middle of the dorsal, and the latter is 
further forward than in our fossils; C. minima, although agreeing 
with our fossils in the position of the dorsal fin, has only 29 yer- 
tebree. 

Hermann v. Meyer ¢ described a number of specimens of Clupea 
from the Lower Miocene clay of Unterkirchberg, Ulm, and for 
these he established three new species—C. humilis, C. lanceolata, 
and C. ventricosa. ‘The first two of these species are much like the 
Isle-of-Wight fossils; but the differences which they present pre- 
vent our specimens being referred to either of them. C. humilis 
differs in having 43 or 44 vertebre, of which 20 or 21 are caudal. 
Further the dorsal fin has only 12 rays, and the ventral fin seems to 
be placed further back. 

C. lanceolata comes nearer to the Isle-of-Wight specimens in 
having from 38 to 40 vertebre, but differs inasmuch as 19 of 
these are caudal; and, moreover, the dorsal fin is placed somewhat 
further back, and the ventral fin is under its middle. 

One of the small specimens figured by H. von Meyer +, and placed 
by him, with doubt, in the species CO. humilis, agrees very closely 
with the smaller Isle-of-Wight specimens, and may perhaps belong 
to the same species. 

M. H. E. Sauvage described several species of Clupea from the 
Miocene of Licata, in Sicily §, and one of these || bears a close 
resemblance to the smaller specimens from the Isle of Wight; but 
although the relative positions of the fins and the number of the 
vertebree seem much the same, yet the vent is differently placed, 
as is shown by the number of caudal vertebre; for M. Sauvage 
counted 20 caudal and 17 abdominal vertebre in the Licata form, 
while in the Isle-of-Wight specimens there are only 14 or 15 
caudal, and from 23 to 25 abdominal vertebre. 

C. Fontannesi, from the Upper Miocene, also described by M. Sau- 
vage 4, has 51 vertebre, of which 19 are caudal, and the front rays 
of the dorsal fin are nearer the snout than the base of the tail. 

Several small species of Clupea have been recorded by Sign. P. 
Lioy from the Monte Bolca beds**, and by Baron Achille de ZignoTf ; 
but the descriptions of the species are insufficient for comparison, 
being little more than measurements of length and height, the 
positions of the dorsal and ventral fins not being stated. 


* Agassiz, ‘Poissons Fossiles,’ vol. v. pl. 61, figs. 1, 2, 4. 

t+ Palzontographica, vol. ii. p. 85 (1851), 

{ Loe. cit. pl. 14. fig. 8. 

§ Ann. Sci. Géol. vol. xiv. 1873. 

|| Loc. cét. pl. 18. fig. 75. 

€7 See “ Note sur les Poissons Fossiles d’Eurre, Dréme,” in Fontannes’s ‘ Période 
Tertiaire dans le Bassin du Rhone,’ part vi. ‘ Le Bassin de Crest,’ p. 205 (1880). 

** Atti Soc. Ital. Sci. Nat. vol. viii. p. 410 (1865). 

+t Atti R. Inst. Veneto di Sci. ser. 4, vol. ili. (1874). 
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All the species of Clupea alluded to by Kramberger from the 
Tertiary of Croatia * have a greater number of vertebra than the 
Isle-of-Wight specimens, except C. heterocerca, which has the dorsal 
fin placed more forward, and ©. arcuata, Kner, which has a much 
larger head. 

As I am unable to refer these Isle-of-Wight specimens to any 
known species, I propose to name them Olupea vectensis. 

Although the genus Olupea has been obtained from numerous 
European localities, and also from Asia, in beds ranging from the 
Neocomian to the Miocene, yet it does not appear to have been 
hitherto recognized as a fossil in Great Britain. 


EXPLANATION OF PLATE IV. 


Clupea vectensis, new species from the Osborne Beds of the Isle of Wight, 
in the possession of Mr. G. W. Colenutt, of Ryde. 


Fig. 1. Specimen from Ryde House. 
la. Opercularapparatus of same specimen. op., operculum ; sw. op., sub- 
operculum ; 2.p., interoperculum ; p.op., preoperculum ; cl., clavicle ; 
br., branchiostegal ray. 

. Mandible from left side of same specimen, 

. Three abdominal spines and plates. 

Specimen from Ryde House. 
. Maxillary bones of same specimen. 
Specimen from King’s Quay. 
Tail of a specimen from King’s Quay, showing scales. 
Small specimen from Ryde House. 
Small specimen from King’s Quay. 
Bones of the tail of a specimen from Ryde House. 
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Discussion. 


The Presipent was not surprised at the discovery of a Clupea in 
freshwater beds. 

Mr. Wuiraxcer had suggested that the discoverer should send the 
specimens to Mr. Newton, and congratulated himself upon the result. 
It was another case of the advantage of having good local observers. 

Mr. A. Smiru Woopwarp thought he could distinguish a series 
of small dorsal scutes in some specimens, and inquired as to the 
Author’s interpretation of the appearances. Most of the Hocene 
Clupeoids of the United States exhibited such scutes, and formed 
the genus Diplomysius, Cope. If the British fossil proved to be of 
the same type, the fact would be specially interesting, for, in the 
Old World, Diplomystus had hitherto been detected only at Mt. 
Lebanon. 

The AutHor thanked the speakers for their remarks. Whether 
or not any dorsal scutes occurred was uncertain; in some there 
seemed to be roughening. He thought it better to leave the spe- 
cimens in the genus Clupea. 


* “Die Jungtertiare Fischfauna Croatiens,” Mojsisovics and Neumayr’s Beitr. 
Palaont. Gisterr.-Ungarns, Bd. iii. p. 65 (1884). 
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6. On the Jersey Bricx-Cray. By Anprew Doentop, M.D., F.GS. 
(Read December 19, 1888.) 


A Fixe yellow clay which occurs in Jersey and in at least some of the 
other Channel Islands has received little attention from geologists, 
and the few who have noticed it appear to have considered it 
merely the result of local weathering. This clay is more or less 
sandy, and though generally of a dull yellow colour, is sometimes 
reddish orange. On microscopic examination many of the grains 
are seen to be somewhat rounded, but the majority of them have sharp 
angles. In one or two situations the clay effervesces freely with acids, 
and at some places on the coast it has been found to coat the grass 
roots with a pipe-like covering. On a small detached island on the 
south-east coast it contains fantastically-shaped concretions like the 
“Mdnnchen” of the Rhenish loss. This, however, is probably due 
to the fact that above the clay at this point there is a bed of shells, 
all modern, from which carbonate of lime has been washed down by 
rain. Sometimes the clay exhibits obscure marks of bedding, and 
at one point in the town of St. Helier, where an excavation had 
been made for relaying some drains, I noticed distinct lamination. 
Mr. Green, a well-sinker, has also told me that, in sinking wells, he 
has often noticed distinct stratification. The lower part of the 
clay often contains angular stones, sometimes grouped together 
pretty closely, sometimes at some distance from each other, while 
occasionally a single stone, or one or two, may be noticed, with no 
others within some distance. These stones generally vary in size 
from an inch or two to about a foot in their longest diameter, but 
now and then a piece of rock two or three feet or more in its greatest 
length may be noticed. In most cases these stones lie with their 
longest diameter parallel to the surface of the rock below, but 
often they are observed to be more or less upright. One section 
shows a layer of small stones running for about six or eight feet, 
and some feet above the bottom of the clay. All these fragments 
are of the same nature as the subjacent rock, or are derived from 
some rock bed far distant. 

The rocks of the island are chiefly igneous, viz. granite, diorite, 
rhyolite, quartz-felsite, and a trachytic-looking porphyry; but an 
argillaceous shale, in places hardened and altered by heat, is found 
largely developed over considerable areas, and a conglomerate con- 
sisting of fragments of this rock is found on the north-east corner 
of the island. The later geology is represented by raised beaches 
and» by submerged forest-beds and peat. There are two well- 
marked raised beaches between fifty and sixty feet above mean 
tide-level ; and there is a cup-shaped depression, apparently the 
section of a gulley, at the top of the rocky side of a granite outlier, 
some 150 feet above mean tide-level, which contains a deposit of 
well-rounded pieces of granite, as well as other angular blocks. 
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The clay, which occurs in patches here and there all over the island, 
and sometimes spreads over extensive areas, is found on all the 
rocks, and covers the raised beaches. The highest mentioned, 
which is on the top of the cliff at the South Hill Fort, is filled up 
with it. It is thickly and widely spread over the highest parts of 
the island, and at one or two points it is used for brick-making. 
Mr. Copp, one of the principal brick-makers, states that where he 
works he gets a depth of from ten to thirty feet, and that a little to 
the north of his works a well was sunk through fifty feet of the 
clay. It also attains great thickness in many parts of the lower 
ground, where the original deposit has been added to by rain-wash. 

Under the town of St. Helier it overlies a blue clay, which varies 
in thickness from one to thirty feet. Mr. Green gives the following 
section found in sinking a well in the town :— 


Mellow: Sand yiClaiy i se catacrs.cscxcwssgteece be alidewee 19 feet, 
Wace angular gravel: aiowcecchtdvcssecousnedeaes cone 15 inches. 
Bit do laieicl an’ Gsdsr sree sacawsstienccine schist eesanice ae 27 feet. 


Blue sand with somewhat rounded pebbly rock. A few inches. 


It seems, on the whole, to cover a greater and more continuous 
area in the north and centre of the island, the highest parts, while 
there is little to be seen over most of the south-western corner. 
The same clay is found on the opposite coast of Normandy and in 
the other Channel Islands, but I have not examined it in these 
localities. 

From the fact that the same clay is found over different rocks, 
from the fact of its covering the raised beaches and lying over the 
blue clay, as well as from the position in which many of the stones 
it contains lie in it, it seems improbable that it can be the result of 
disintegration i situ. Besides, the fine yellow sandy clay, though 
it might be the product of the disintegration of the clay-shale, which 
is often arenaceous, or of the felsitic rocks, has little resemblance 
to disintegrated granite, on which, indeed, it may sometimes be seen 
lying. It seems to me most probable that it is a fluviatile deposit, 
laid down during, or at the close of, the glacial period, when the 
rivers, flooded in summer time by the melting glaciers, spread 
over large tracts of country the muddy debris with ‘which they were 
highly charged. At that time the Channel Islands were united 
to the mainland, and in all probability the clay was deposited at the 
same time as, and, in fact, forms part of one of the brick-earths of 
Northern France. 

There is, however, another view that might be taken; such a clay 
could be produced by the decomposition of the clay-shale, of the 
felspathic porphyries, and of the rhyolite; some sections seem to 
show this going on, and the clay is, I think, more developed over 
those rocks. 

Perhaps, then, the long-continued subaerial decomposition of those 
rocks may have produced the material which has been washed away 
and spread out by the action of water. If this were the case, 
however, the moving force must have been a greater and more 
extensive flow than that of ordimary rain-wash. For example, La 


120 DR, A. DUNLOP ON THE JERSEY BRICK-CLAY. 


Motte Island, a mass of diorite, has about fourteen or fifteen feet of 
the clay on it, some Three hundred yards below high-water mark, 
without the slightest trace of decomposition in the subjacent rock. 

This theory refers to Jersey alone. How it could be made 
applicable to the other islands and the coast of France, I do not 
know. 


Disctsston. 


The PrRestpENT would not like to give a decided opinion without 
seeing the rocks, but he was disposed to regard the clay as the 
result of rain-wash. 

Dr. Mortson observed that in a case where the clay was resting 
on granite, there being a well-marked line of demarcation between 
them, and the underlying granite being quite undecomposed, it could 
not be the result of disintegration in situ. 

Rey. E. Hitt had seen an analogous clay in Guernsey, where it 
was clearly the result of decomposition of gneiss 7m situ. Ina 
specimen of vitrified brick, made from this clay, the origmal minerals 
were not very much altered. He spoke of the great age of the land- 
surfaces in the Channel Islands. 
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7. Norss on the Raptoraria of the Lonpon Cray. By W. H. 
SarvupsoLz, Esq., F.G.8S. (Read November 21, 1888.) 


MicroscorrcaL examination of London Clay from wells in Sheppey 
and elsewhere, and from pit-sections at the same horizon in different 
parts of the London Basin, continued for someyears, has afforded proof 
of the existence near the base of this formation of a Diatomaceous 
zone, which was constant so far as the examination extended. It 
yet remains for some one to ascertain whether this zone continues 
throughout the full extent of the London-Clay area. The list of 
specimens given in my paper “ On the Diatoms of the London Clay” 
(Journ. Royal Micr. Soe. vol. i. p. 8381) has since been considerably 
enlarged by Mr. Kitton and others, from washings supplied by 
myself. 

si a paper “On the New Town Weil at Sheerness” (Proc. Geol. 
Assoe. vol. vy. p. 355), I had previously called attention to 60 species 
of Foraminifera and some other microzoic forms not specifically 
mentioned. Among these latter were some reticulated fragments 
suggestive of Radiolaria, but no specimens occurred sufficiently per- 
fect to be described. My friend Dr. Bossey, F.R.M.S., of Redhill, 
was more fortunate in this respect than myself, for in 1881 he saw 
and sketched a Radiolarian skeleton, apparently nearly perfect, which 
he had found in some London-Clay washings sent to him by me. 

The formation of a well for the Queenborough Cement Company 
in 1885, near the Railway Station, gave me another opportunity of 
searching for new forms of Tertiary life. In accordance with 
previous experience, after passing through a zone rich in Foramini- 
fera, a few solitary Diatoms only were found, until at 225 feet from 
the surface the Diatoms occurred in great abundance in brightly 
glittering patches, causing the clay to assume a somewhat laminated 
character. 

On washing some of the clay from this level, I found not only the 
familiar Diatoms, but also some fairly good specimens of Radiolaria. 
This material I distributed among correspondents, and have not been 
ahle to get any more. 

Fortunately Mr. A. L. Hammond, F.L.S., had, with his usual 
exactitude, made sketches of some specimens he had seen. 

T had sent some of the Radiolarian material to Prof. Ernst Hackel, 
with regard to which he says that “he found a large number of 
fragments of Tertiary Radiolaria, and but few well-preserved speci- 
mens. These appertain to the three families of Spheroidea, Dis- 
coidea, and Cyrtoidea, and seem to be identical with those described 
in 1880 by Emil Fohr, from the Tertiary beds of Grotte in Sicily *. 
There is no new species among the recognizable forms, but perhaps 
there may be among the numerous fragments.” 

Wanting more precise information as to the species, and being 
unable to find in the‘ Paleontographica’ any forms similar to those 
I had found in the London Clay, I sent Mr. Hammond’s sketches to 


* See ‘ Paleontographica,’ vol. xxvi. 1880, p. 71. 
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Prof. Hickel, respecting which he wrote, on Dec. 6, 1885 :—‘‘ The 
Radiolarians of the London Clay, the sketches of which I return 
enclosed, are not identical with any species known, living or fossil. 
I can therefore give only the names of genera enumerated in my 
‘ Prodromus,’ published in 1881 *. 

“ Fig. 11,Cenosphera, sp. (Monospherida) ; figs. 2 and 26, Spongo- 
discus. Figs. 1, 8, and 10 are Cyrtida, probably Monocyrtida (with 

a single joint); Fie. 1 perhaps the upper part of a Cyrtocalpis, figs. 
8 and 10 of an Anthocyrtis or Cornutella. 

“ But when there are two joints separated by a transverse stricture ~ 
or an internal flange (as you describe), it may belong to Dicyrtida 
(Sethocorys or Anthocyrtis, the latter with a corona of terminal 
spines). The large spines in your figs. 5a and 56 may be apical 
spines of those or of other Cyrtida, or perhaps radial spines of 
Spheerida. 

‘“‘ If the apex and the mouth of the shell is not complete, it is not 
possible to determine with certainty the genus of Cyrtida. 

“Since Radiolaria occur in great numbers in all seas (in warmer, 
however, more frequently than in colder), and in open seas as well 
as near the shore, no certain inferences can be drawn from their 
presence in the London Clay.” 

From the above correspondence, it appears more than probable 
that in the material sent to Prof. Hackel there were some forms 
that I had not seen. In the absence of specimens or further infor- 
mation, nothing more can now be said respecting them, and attention 
must therefore be restricted to those forms of which we have the 
representations. 

Nos. 1, 8, and 10 evidently belong to the same species, No. 1 
having been less perfectly preserved than the others. These, in some 
washings, were more abundant than the other forms, and were first 
found alone at a slightly higher level. 

The shell may be described as being conical, with a curved out- 
line, terminating in a solid apical spine tapering to a point, this 
spine in many specimens being longer than in those figured. 
Whereas in many of the Cyrtoidea the apical spine is set obliquely 
to the centre of the shell, in all specimens of the species under con- 
sideration that I have examined the spine is a direct prolongation of 
the longitudinal axis. 

Basal mouth a simple wide opening. Skeletal shell built up of 
lattice-work, having openings which are hexagonal on the exterior, 
and eureulay on the interior surface, and which increase in size 
towards the mouth. Near the open end is a broad internal flange, 
pierced with circular holes proportionately large, as if to combine 
lightness with strength. In many instances the mouth is orna- 
mented with a corona of short spines, which seem to have been 
removed from others (and from those figured) by abrasion; and in 
a few I observed traces of a probable further extension of the frame- 
work on a larger scale. 


* Jenaische Zeitschrift fir Naturwissenschaften, vol. xv. 
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In the absence of full proof that a second joint had existed, I 
think it better to refer the specimens to Hucyrtedium, and I record 
the species under the name of Hucyrtidiwm Hammond. 

Another and abundant form, Nos. 2 and 26, has the appearance of 
a discoidal Diatom, abraded circumferentially, witht his difference— 
the cellulation differs from that of any Diatom known to me, and 
there are no indications of bivalvular formation. A sectional view 
shows that the same structure prevails throughout. Any doubt 
on the point is set at rest by Hackel, who distinctly refers it to the 
Radiolarian genus Spongodiscus. I have named it Spongodiscus 


asper. 


Radiolaria from the London Clay of Sheppey. 


1, 8, 10. Hucyrtidium Hammondi, sp. n., X 112. 

2, 26. Spongodiscus asper, sp. n., X 112. 

11. Monosphera toliapica, sp. n., X 112. 

4. Spherical bodies, probably Radiolarian, x 112. 
5. Fragmentary rods, probably Radiolarian, x 112. 


No. 11 represents a globular form of hexagonal lattice-work, the 
interior being now filled with pyrites; I refer this to the genus 
Monosphera, under the name of M. toliapica, As suggested by 
Hickel, the fragmentary styles or rods, Nos. 5a and 5, probably 
represent some complex forms that have failed to preserve their 
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integrity. Though completely pyritized, they present very smooth, 
even polished surfaces, indicative of their former siliceous condition. 

The pseudomorphic change to pyrites seems to have been as 
complete in these Radiolarians as in the Diatoms from the same 
formation. 

Sponge-spicules were present in nearly all the washings I ex- 
amined, and in some material from the Queenborough Well, sent 
to Prof. W. J. Sollas, F.G.S. &c., he recognized some characteristic 
Tetractinellid forms, one, like the spicules of Stelletta, being a trifid 
fork with bifurcated rays, and another like the calthrops common in 
Pedastrella. oe 

I have to acknowledge the kind assistance rendered by T. Spenser 
Smithson, Esq., of Rochdale, in mounting the specimens exhibited. 


Discussion, 


The Presrprnt observed that the particular advantage of a paper 
like the present is that it shows the value of searching. He doubted 
the advisability of coining new names. 

Dr. Hiypr asked whether the Radiolaria were uniformly pyri- 
tized; also whether the sponge-spicules had undergone a similar 
change. 

Prof. T. Rupert JonEs commented on the rarity of fossil Radio- 
laria. Some few have been found in the Chalk. Their pyritization 
would tend to their ready destruction. 

The AurHor, in reply, said that he was not anxious to apply 
new names. He was doubtful whether any silica remained in the 
sponge-spicules or the Radiolaria, although some has been detected 
in the Diatoms. 


DR. G. J. HINDE ON ARCH HOCYATHUS AND OTHER GENFRA. iy 


8. On ArcHmocyatHus, Billings, and on other Genera, allied to 
or associated with it, from the CamBrian Srrata of Norra 
America, SPAIN, SaRDInIA, and Scortanp. By GruorcE JENNINGS 
Hinpz, Ph.D., F.G.8. (Read December 19, 1888.) 


[Puate V.] 


Tux real characters and the relations of the group of fossils known 
generally under the term Archwocyathus are at present subjects of 
discussion among paleontologists; they have been regarded as allied 
to Foraminifera, Sponges, and Corals. Many of the forms occur 
in the lowest fossiliferous zones of the Cambrian rocks, and are thus 
among the earliest known forms of life, a fact which gives addi- 
tional interest to their study. Since Mr. Billings first called 
attention to them in 1861, they have been investigated by several 
authors, more particularly by Sir J. W. Dawson, Prof. Ferd. Romer, 
Mr. C. D. Walcott, and, more recently, by Dr. Bornemann; but it 
cannot be said that the obscurity attaching to them has been fully 
cleared up. I have been induced by Sir J. W. Dawson to under- 
take an independent investigation of their characters, based more 
particularly on their microscopic structure, and, thanks to the kind- 
ness of the above-named authors, I have been supplied with material 
which has enabled me to ascertain by direct comparison the nature 
of these fossils from widely separated localities. Thus Sir J. W. 
Dawson sent some specimens from Labrador belonging to McGill 
College Museum; the Geological Survey of Canada, through Mr. 
J. F. Whiteaves, F.GS8., supplied me with the type forms described 
by the late Mr. Billings ; Prof. Ferd. Romer with the figured speci- 
mens of Archeocyathus marianus from Spain; and to Dr. J. G. Bor- 
nemann I am indebted for fragments of rock filled with these fossils, 
which he collected in the Island of Sardinia *. 

The microscopic sections which I have prepared from these speci- 
mens show tha tthe organisms originally included in Archwocyathus 
vary considerably in structure, and cannot properly be included in 
a single genus, and it is owing to this fact that much of the uncer- 
tainty respecting the real nature of the genus has arisen. With the 
view of clearing up the subject, I have in this paper described, in con- 
siderable detail, the microscopic and other features of the different 
species originally referred to Archeocyathus, as well as of other 
forms which have been considered to be allied to it; I have removed 
from the genus, and placed in other genera, the forms which 
do not generically correspond in structure with its type species, and I 
have discussed the relationship of these different fossils to Corals and 
Sponges respectively. 


* Since this paper was read before the Society, Mr. C. D. Walcott has kindly 
sent me specimens of Hthnophyllum, Meek, from Nevada, and of Coscinocyathus 
Billingsi, Walcott, from Labrador.—(G. J. H., Jan. 24, 1889.) 
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1. History of the Genus Archeocyathus and allied forms. 


Mr. Billings’s first notice of Archeocyathus appeared in 1861, in 
the first part of a work entitled ‘ New Species of Lower Silurian Fos- 
sils.’ The specimens were from the Potsdam Limestone Formation 
at Anse au Loup, Labrador ; they were regarded as possessing some 
of the characters both of Corals and Sponges, and the following were 
given as their generic characters :—<“‘ Turbinate simple or aggregate, 
cup deep. The internal structure, so far as can be made out, con- 
sists of an inner wall constituting the inner surface of the cup, and 
an external wall or epitheca enveloping the whole. Between the 
two walls there are numerous radiating septa, the interseptal spaces 
being filled with poriferous or cellular tissue. It is highly probable 
that the inner wall is permeated by pores communicating with the 
interseptal tissue.”* Two species, A. atlanticus and A. minganensis, 
were included in the genus, and the first of these was figured. 
Shortly afterwards, the description and figures were reproduced in 
the ‘ Geology of Vermont,’ vol. 11. Appendix, pp. 944-946 (1861). 

In 1865, the entire volume, of which the part published in 1861 
was only a fragment, appeared under the title of ‘ Palzozoic 
Fossils,’ and in this Mr. Billings considerably modified his references 
to Archeocyathus. A new name, A. profundus, is given to forms 
previously referred to A. minganensis ; these are figured and placed 
first as the type of the genus, whilst A. atlanticus is relegated to a 
secondary position. The generic diagnosis remains unaltered, but 
it is stated that since 1861 the Author had discovered numerous 
silicified spicula in a specimen of A. minganensis, and that these 
fossils must therefore be classified amongst the extinct tribes of 
sponges. In the latter part of the volume (pp. 354-357) the 
generic characters, as illustrated by A. minganensis, are again re- 
ferred to, and figures are given of this form and of the spicules 
found in connexion with it. It is stated that no spicules had been 
discovered in A. profundus and <A. atlanticus, but their absence is 
attributed to the fact that no silicified forms of these species were 
known. The author finally concludes that all three species belong 
to one generic group * closely related to Calathium, Bill., a genus of 
siliceous sponges. 

* Tt will be shown in the sequel that each of these species belongs to a dis- 
tinct genus; and the question then arises, for which of them the generic name 
of Archgzocyathus should be retained. In the usual course of proceeding the 
species first described, A. atlanticus, would bear the generic name; but in the 
reprint of the original description in 1865, the author removes this from the 
first place, and substitutes A. profundus as the type. The reason for this is 
evident. One of the main features in the diagnosis of Archeocyathus is the 
possession of radiating septa, and in A. a¢/anticus such structures cannot strictly 
be said to be present, whilst they are extremely well marked in A. profundus ; 
consequently the former species cannot be retained in the genus without com- 
pletely altering the generic characters given by Mr. Billings, whilst these fully 
agree with A. profundus. Since no other author treated of the genus in the 
interval between the first description and the subsequent alteration and correc- 
tion, it seems only fair and reasonable to allow the same right to the author, to 
amend his own mistake, which would be conceded to an independent writer ; 
and I propose therefore to adopt as the type of the genus the form which was 
so designated by Mr, Billings, viz. A, vrafundus. 
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Dr. J. W. Dawson*, on the other hand, found a structural re- 
semblance to Foraminifera in the microscopic characters of A. atlan- 
ticus and A. profundus. 

In 18687, Prof. Meek described as the types of a new family of 
corals some fossils from the Cambrian rocks of Nevada, for which 
the genus Hthmophyllum was proposed. Shortly afterwards‘, the 
same author stated that they were probably not generically distinct 
from Archeocyathus, Bill., since they agree very closely in internal 
structure with A. minganensis and A. profundus. No definite dia- 
enosis was given of Hthmophyllum apart from the specific characters, 
and no figures accompanied the paper. It seems probable, how- 
ever, that the species described by Prof. Meek included more than 
one generic type, since it is stated that in the interior of some there 
were observed appearances of transverse plates, whilst in others 
there was a dense vesicular tissue. Mention is also made of obliquely 
directed canals passing through the inner wall, which in transverse 
sections appear as a double row of vesicles—structures which are 
not found in any of Mr. Billings’s types. 

In 1873§ Mr. S. W. Ford proposed the genus Archwocyathellus, 
and in 1878 || the genus Protocyathus for some small imperfectly 
preserved forms from the Cambrian strata of Troy, New York. 
They are admittedly very closely allied to Archceocyathus, and the 
generic characters are mainly based on the nature and arrangement 
of the pores in the outer surface of the wall, features which, though 
of specific, are hardly of generic importance. 

In 1876 4 Prof. de Koninck refers doubtfully to Archwocyathus 
some fossils from the Paleozoic strata of Australia, supposed to be 
of Devonian age. Judging from the description and figures, no 
definite opinion can be formed as to their real characters. 

In 1878 ** Prof. H. A. Nicholson places Archceocyathus among the 
Spongida, referring more particularly to the spicules found in con- 
nexion with A. minganensis. Though, as will be shown in the 
sequel, this particular species 1s a true sponge, it is radically different 
from <A. profundus, which is taken as the type of Archcocyathus 

roper. 

In 187977 Prof. v. Zittel places Archwocyathus together with Cal- 
athium in the Euretid family of Hexactinellid sponges; he states, 
however, that their structures are unknown and their true position 
doubtful. At a later date tt, the view of F. Romer, mentioned 
below, is given, but without comment. 


* Can. Nat. and Geol. 1865, p. 103, note; also quoted by Billings in Pal. 
Foss. vol. i. p. 356. 

+ Amer. Journ. Sci. and Arts, 2nd ser. vol. xliv. (1868), p. 62. 

+ Id, vol. xlvi. (1868), p. 144. 

§ Id. 3rd ser. vol. vy. (1873), p 211, fie. 1. 

|| Id. vol. xv. (1878), p. 124, ne la, b. 

€ Recherches sur les fossiles ‘paléozoiques de la Nouvelle-Galles du Sud, 
1876-7, p. 68, pl. ii. fig. 1. 

** Manual of Palxontology, 2nd ed. (1878), vol. i. p. 189. 

+t Handbuch der Pal. vol. i. 2nd pt. (1879), pp. 178, 195. 

tt Id. Appendix (1880), p. 728. 
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In 1880* Prof. Ferd. Romer treats at some length of the charac- 
ters of Archeocyathus, and gives a minute and full description, accom- 
panied by figures, of a new species, A. marianus, from the Cambrian 
strata of the Sierra Morena, Spain. This form shows the same re- 
markable feature of obliquely extended canals opening into the central 
cup, which Meek describes in Lthmophyllum Whitneyi. Romer 
accepts Billings’s generic diagnosis, and places A. minganensis and 
A. profundus as the typical forms; the spicules found in connexion 
with the first named are regarded as accidental inclusions from 
disintegrated sponges. The genus, however, is considered to be 
allied to Leceptaculites, Defr., and the perforated vertical radiating 
septa are compared with the so-called vertical pillars in this latter 

enus. 
i In the Cambrian strata of the Island of Sardinia, Archwocyathus 
and its allied forms are extraordinarily abundant; they were at 
first regarded as Corals allied to Cyathophyllum, but afterwards 
Prof. Meneghini ¢ recognized their relationship to Archeocyathus. 

To Dr. J. G. Bornemann, however, is due the merit of making 
an extensive collection of these fossils in Sardinia, and subjecting 
them to microscopic study. Preliminary notices of the results 
appeared in various publications between 1881 and 1884, and 
full descriptions and figures in 1886§. The author included in 
Archeocyathus proper, forms with a finely porous outer surface and 
a coarsely perforated inner surface and radial vertical septa dividing 
the interspace into longitudinal compartments, thus mainly of the 
type of A. profundus, Bill. A second genus, named Coscinocyathus, 
comprised forms which, in addition to the vertical septa, are furnished 
with regular transverse partitions or tabule, thus further subdivid- 
ing the vertical compartments. In a third genus, Anthomorpha, 
irregular delicate transverse lamelle are developed between robust 
vertical septa, and the walls and septa are further of a non-perforate 
character. Another provisional genus, Protopharetra, includes forms 
composed of fibres of homogeneous calcite. These are regarded as 
merely the vegetative developmental stage of Archwocyathus, from 
which the perfect cup-like forms of this genus are produced. ‘These 
various genera are placed by Dr. Bornemann as a special division of 
the class Coelenterata, the Archeeocyathine, in the vicinity of 
Sponges, Anthozoa, and Medusoid polyps. 

Nearly contemporaneous with the final memoir of Bornemann, an 
extended notice of the same group of fossils was given by Mr. C. D. © 
Walcott||. This author does not recognize the amended descrip- 

* Lethxa Palxozoica (1880), pp. 298-303. 

t+ Atti della Societa Toscana di Se. Nat. (1881), p. 201. 

¢{ Compte rendu du Congrés géologique international de Bologne, 1881, 
p. 221; Zeitschrift d. deutsch. geol. Gesellsch. xxxy. (1883), pp. 270-274; 
ibid. xxxvi. (1884), pp. 899, 400; ébid. pp. 702-706. 

§ ‘Die Versteinerungen des Cambrischen Schichtensystems der Insel Sar- 
dinien,” Nova Acta der kais. Leop.-Carol. deutschen Akad. der Naturforscher, 
Bd. li. No. i. pp. 28-78, tab. v.-xxxili. 

| “Second Contribution to the Studies on the Cambrian Faunas of North 
America,” Bulletin of the United States Geological Survey, No. 30 (1886), 
pp. 72-89, pls. 1.- v. 
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tion of Mr. Billings, and regards A. atlanticus as the legitimate type 
of Archeocyathus. But asit is impossible to make A. atlanticus con- 
form to the generic diagnosis given by Billings, Mr. Walcott 
radically altered it for the purpose, and thus it is only nominally 
the same genus which Mr. Billings described. 

The structure of A. atlanticus is described by Mr. Walcott as con- 
sisting of a more or less irregular system of rounded and irregular 
passages or canals, many of them terminating as culs-de-sace or little 
chambers in the mass of the skeleton. In longitudinal section the 
skeleton is stated to be arranged on arching transverse lines, and vertical 
and slightly radiating lines, but its minute structure is unknown. If 
spicula existed in A. atlanticus, they were probably destroyed by the 
erystallization of the calcareous matter of which the skeleton now 
consists; but in A, Billings:, a new species, spicula are stated to be 
present in the interseptal spaces, the cup, and about the specimens, 
and are regarded as constituent parts of the organism. The author 
gives for the first time a separate definition of the genus Hihmo- 
phyllum, Meek, and figures the type forms. The skeleton is said to 
consist of fine branching spicula in one species (ZL. minganensis), 
and undetermined in others, owing probably to the replacement of 
the parts by calcite. Both A. profundus, Bill., and A. minganensis, 
Bill., are by this author included in Meek’s genus, and it comprises 
also Archeocyathellus, Ford, and Protocyathus, Ford. All these 
forms are regarded as sponges, and the spicula, in several of the 
species, are supposed to have been lost in the crystallization of the 
calcite. 

In 1886 * Prof. C. Schliiter compared some fossils from the drift 
of Sadewitz in Silesia to Archwocyathus, but their state of preser- 
vation is altogether too imperfect to allow of any satisfactory con- 
clusions as to their structure or relations. 

In the May number of the ‘ Geological Magazine ’ for the present 
year (1888), p. 226, I described the detached siliceous spicules present 
in specimens of A. minganensis, and referred them to several distinct 
species of siliceous sponges; consequently, as Mr. Billings had sus- 
pected, they did not belong to the form with which they are found. 
I also expressed the opinion that the so-called branching spicules 
were probably only siliceous replacements of the outer surface of the 
wall of the fossil, but I had not then seen specimens of these; from 
a subsequent examination of the type forms it is evident that they 
are genuine spicules belonging to the form itself, and thus the 
opinion I expressed about them was erroneous. 


2. The Mineral Nature of Archeeocyathus and its allies. 


The mineral nature of this genus, whether calcareous or siliceous, 
has not been specially referred to by previous writers, though it has 
been implied that the present condition of some of the specimens is 
not the original one, and that if siliceous examples of these were 


* “ Archeocyathus im russischen Silur ?” Zeitschr. deutsch. geol. Gesellsch. 
(1886), pp. 899-909. 


Q.J.G.S. No. 177. K 
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found, they would show spicules. Mr. Walcott has likewise referred 
to the probable obliteration of the spicules by the crystallization of 
the calcite of which their skeletons now consist. It is therefore 
desirable to ascertain if possible the original mineral structure of 
these fossils in considering their probable zoological relations. First, 
however, we may exclude the Archwocyathus minganensis, Bill., 
from present consideration, since, as will be shown later on, this 
organism is undoubtedly a siliceous sponge, and has no relationship 
whatever to Archwocyathus proper and its allied genera. All the 
forms of this group which I have seen, whether from North America, 
Spain, or Sardinia, are uniformly composed of carbonate of lime. 
The Canadian specimens of A. atlanticus and A. profundus from Lab- 
rador consist of a dull white or yellowish-white carbonate of lime, 
compact in texture and opaque, unless in very thin sections, when it 
shows a very minute granular character. The specimens are im- 
bedded in a hard compact granular limestone, reddish in tint and 
containing numerous microscopic fragments of various organisms. 
This matrix usually infills the cups and some of the interloculi in 
the specimens, but the interior spaces frequently are now filled with 
erystalline calcite. 

When weathering has taken place, the matrix proves more resis- 
tant than the: walls and septa of the fossil, which consequently are 
now indicated by depressed lines and furrows. In all the specimens 
which I have seen, the walls and other structures of the fossil are 
well defined and distinct from the matrix, and though from the 
-lowest Cambrian strata, their characters are as clearly shown as if 
they had been of Mesozoic or Tertiary age. 

The type specimen of Archwocyathus marianus, ¥. Romer, from 
Spain, consists, for the most part, of a dull, opaque, minutely granu- 
lar carbonate of lime, similar to that of the Canadian specimens; but 
in the minutely reticulated outer surface of the wall, and in some 
of the septa as well, this has been replaced by a green mineral, not 
unlike glauconite in appearance. The matrix is a granular, cal- 
eareous, shaly rock, somewhat rusty by weathering. The spaces 
within the fossil are filled partially by the matrix and partially by 
crystalline calcite. 

The Sardinian specimens vary somewhat in mineral characters 
according to the different localities from which they came. Those 
from Canal Grande occur as dark grey patches in a lighter matrix; 
the fossils themselves are of minutely granular carbonate of lime, 
and their interspaces are usually filled with crystalline calcite, and 
only occasionlly with the rock-matrix, which is a hard, compact, 
coarsely granular limestone with an admixture of mica and some 
other minerals. From this locality, and also from Punta Pintau, 
some of the specimens occur as casts in a coarsely granular mica- 
ceous rock. At San Pietro di Masua these fossils are enclosed in a 
reddish nodular marble with streaks and veins of calcite. They 
are whitish by ordinary light, and the carbonate of lime is minutely 
granular; their interspaces are filled with calcite. The specimens 
from Cucuru Contu have a dark appearance by reflected light; im 
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thin sections they are nearly transparent and composed for the most 
part of crystalline calcite. In a few cases they are of minutely 
granular carbonate of lime like those from other places, and even 
part of the same specimen may be granular and part crystalline. 
The rock-matrix is a finely granular carbonate of lime, of a brownish 
or reddish tint *. 

From the above it is evident that the mineral constitution of 
Archeocyathus and its allied forms is of minutely granular carbonate 
of lime; and this is probably their original condition, since if these 
organisms had possessed siliceous skeletons they would not have 
been replaced by carbonate of lime in the granular form, but by 
crystalline calcite. In the few cases where specimens are of crystal- 
line calcite, it is shown that this has replaced a granular condition 
of the mineral and is not a replacement after silica. 


3. Mode of Growth and Structure of Archeeocyathus and 
allied forms. 


These features will be best treated by detailed descriptions, first 
of Archeocyathus proper and then of Hihmophyllum, Meek, Coscino- 
cyathus, Bornemann, Anthomorpha, Bornem., Protopharetra, Bornem., 
and Spirocyathus, gen. nov., based on Archeocyathus atlanticus, 


Bill. 


Genus Arcumocyatuts, Billings. (Plate V. figs. 1-6.) 


(1861. New Species of Lower Silurian Fossils, p. 3. 
1865. Paleozoic Fossils, vol. 1. p. 3.) 


This genus, of which A. profundus, Bill., is taken as the typical 
species, consists of cup-shaped, subcylindrical, or turbinate forms, 
apparently free. The outer surface of the wall appears to be 
generally rugose or with horizontal ridges, sometimes, however, 
smooth ; the inner surface nearly smooth. The basal portion is 
generally inverted-conical in form ; the further growth may be nearly 
eylindrical with a tubular central cavity; or cup-shaped with a deep 
hollow, or open saucer-shaped. The wall of the organism consists 
of an outer and inner lamina or plate, bounding the exterior and 
the inner surface of the cup respectively, and a series of stout radial 
vertical septa, which, like those of a coral, extend from the outer 
to the inner wall-plates (Pl. V. figs. 4, 5.) The wall-plates both 
of the interior and exterior surfaces are perforate, but in the best- 
preserved specimen there is a delicate enveloping surface-lamina, 
which seems to be imperforate. ‘The interseptal loculi are occupied 
by dissepimental vesicles, like those in many Rugose corals; these 
are disposed obliquely, with their convexities to the exterior. The 


* The specimens of Ethmophylium from Nevada which I have recently 
received from Mr. Walcott, likewise consist of minutély granular carbonate of 
lime, which in places has been replaced by calcite. They are imbedded in a 
matrix of compact reddish limestone. ‘There is thus a singularly close resem- 
blance in the mineral condition of these fossils from the above-mentioned 
widely separated localities. —(G. J. H., Jan. 24, 1889.) 

KZ 
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septa are fairly even in thickness and in their distance apart; new 
septa are introduced at intervals with the increase in width of the 
specimen. The septa are perforated by numerous, small, circular or 
oval apertures, disposed regularly in oblique rows; the dissepiments, 
however, appear to be imperforate (Pl. V. figs. 4,5). The walls 
and septa are of compact, homogeneous limestone; they do not 
seem to be porous or canalicular; occasionally there are lighter and 
darker layers, indicating secondary thickenings or layers of material. 

The Canadian examples of this genus which I have examined 
(Pl. V. figs. 1, 2) are all from the so-called Potsdam Limestone of 
the coast of Labrador; one appears to be the original of the figure 
of A. profundus (Pal. Fossils, vol. i. fig. 2, p. 4). The specimens 
are all imperfect; they are either weathered and worn on the 
exterior, or else partly enclosed in the limestone matrix, so that in 
no case is the natural unworn exterior surface of the fossil exposed. 
They vary considerably in size; a subcylindrical individual is 37 
millim. in height by 20 millim. across at the summit; a cup-shaped 
specimen of about the same height is 42 millim. wide above, and 
the wall varies from 4 to 6°5 millim. in thickness; and the surface 
of a saucer-shaped individual is, in one direction, 60 millim. across, 
and the wall is from 10 to 15 millim. thick. 

The character of the exterior and inner surfaces of the wall in 
these forms can only be known from sections of specimens which 
are enclosed in matrix, and even in these the structures are not 
uniformly preserved, but appear to have been partially destroyed 
previous to fossilization. In the best of the Canadian examples of 
A. profundus the outer surface of the wall consists of a very thin 
delicate lamina, apparently non-perforate, and immediately within 
this is a thin layer of perforate or vesicular tissue. It is only in 
places that the surface or epithecal lamina has been preserved; 
where it is present the interspaces in the perforated tissues within 
are filled with calcite; but where it is wanting the matrix has filled 
the cavities, showing in this latter case open communication with 
the interior of the wall. Ihave not found any trace of a similar 
epithecal lamina in any of the Sardinian specimens of Archeocyathus ; 
but this may perhaps arise from the fact that they are by no means 
so well preserved as the forms from Canada. The outer surface of 
the wall in the Sardinian forms consists of an extremely delicate 
perforate membrane, the pores in which are arranged alternately in 
vertical rows, of which there are from two to six between a pair of 
septa; these pores open directly into the interseptal loculi (Pl. V. 
fig. 6). 

In ae Canadian specimens the surface of the wall next the cup 
has also a delicate lamina, like that above described on the exterior, 
and beneath or within this is a layer of perforated vesicular tissue 
of varying thickness. In the casts of Archwocyathus acutus from 
Sardinia the inner plate of the wall is directly perforated by closely 
set circular apertures regularly arranged in quincunx, which open 
into the cup, and with slight modifications the same structure of the 
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inner wall is present in the other Sardinian species of this genus 
described by Dr. Bornemann. 

The septa are in immediate connexion with the vesicular 
tissues of the outer and inner side of the walls. Usually they 
are distinct and extend quite across the wall, but in some 
instances they only extend partially across and curve round and 
unite together (PI. V. figs. 3,4). They are apparently simple, thin, 
eribriform plates; the perforations are about °2 millim. wide and 
the rows about °4 millim. apart (Pl. V. fig. 5). The septa are well 
developed at a very early stage of growth; in sections of specimens 
from 2 to 2°5 millim. in diameter there are from 8 to 14 septa; the 
initial number in another specimen appears to be 12. The number 
in full-grown individuals seems to be in proportion to their size ; 
thus near the margin of the saucer-shaped specimen above referred 
to there are 120; in this form they are fairly equidistant from each 
other, averaging about °8 millim. apart (Pl. V. fig. 2). 

The arched dissepiments connecting the septa laterally fill the 
interseptal loculi with a vesicular tissue. In some cases the dis- 
sepiments show small cloudy spots, probably due to a slight thick- 
ening of their substance. They are very irregularly developed even 
in the same specimen, but this may in part be attributed to the fossili- 
zation. ‘They are not present in the Sardinian specimens of Arche- 
ocyathus which I have seen, nor are they mentioned by Bornemann 
in connexion with this genus. 

In some cup-shaped specimens the wall is apparently of consider- 
able thickness ; but this seems to be due to the development of a 
successive series. of calicular walls one within the other, almost after 
the manner of some forms of Cyathophyllum and Oystiphyllum. 

Archeocyathus, as defined above, occurs in the Lower Cambrian 
strata (Olenellus-zone) at Anse au Loup, Labrador, at Troy *, New 
York State, probably also in Nevada‘, and in various places in the 
south-west of the Island of Sardinia, whence no fewer than ten 
species are recorded by Dr. Bornemann ¢. 


Genus Erumopuyttum, Meek. (Plate V. fig. 7.) 


(1868. American Journal of Science and Arts, ser. 2, 
vol. xlv. p. 62.) 


This genus is based upon specimens from Nevada, of which a 
preliminary description, without figure, was given by Prof. Meek, 


* The Archeocyathellus ? Rensselaericus, Ford, Am. Journ. Sci. ser. 3, vol. v. 
p. 211, fig. 1, is not, in my opinion, generically distinct from Archeocyathus. 

+ One of the forms from Nevada included by Mr. Walcott in Ethmophyllum 
Whitney seems to me, judging from the figures (Bull. No. 30, pl. iv. fig. 1 2), 
to belong to Archeocyathus. 

{ The material at my disposal is insufficient to enable me to discuss the 
characters of these species. As the Sardinian specimens are all imbedded in a 
very hard and solid matrix, and can only be studied in sections which it is ex- 
tremely difficult to orientate, the discrimination of specific characters is 
rendered very complex, and Dr. Bornemann himself states that the forms to 
which he has given names cannot in all cases strictly be regarded as definite 
species. Verstein. Sardiniens, p. 50. 
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but subsequently, in the belief that the internal structure of the 
type forms was similar to that of Archwocyathus profundus, Bill., 
he proposed to include them in this latter genus. In 1866, how- 
ever *, Mr. C. D. Walcott resuscitated the genus and gave a defini- 
tion of it, much wider in certain respects than can be sustained by the 
type species, H. Whitney?, so that it also includes other forms, such as 
Archcocyathus minganensis, which are not related thereto. The 
type form of Hthmophyllum, as described by Meek, does, however, 
possess one feature which serves to mark it off very clearly from 
Archeocyathus, Bill., as defined above. This is the character of the 
inner lamina of the wall, which instead of communicating with the 
interior of the cup or tube by simple perforations, consists of a series of 
relatively large canals directed obliquely upward and inward, so 
that in transverse section they present the appearance of one or more 
rows of vesicles cut across (Pl. V. fig. 7). (See also Walcott’s 
figure in Bull. No. 30, pl. iv. fig. 1¢.) In the type of Archeo- 
cyathus marianus, Romer, so carefully described by this author‘, 
the same structural feature occurs; but in this form only a single 
incomplete row of canals is shown in transverse section of the cup. 
This species will therefore be included under Ethmophyllum. 

In the description of H. Whitneyt no mention is made of perfo- 
rations { in the septa, but they are very distinctly shown in the 
septa of H. marianum. Dissepimental tissue is not developed either 
in the Nevada or in the Spanish form; and in this latter the other 
structures are so well preserved, that it may be presumed that dis- 
sepiments were not originally present. Prof. Meek does, indeed, 
mention transverse plates in another specimen which he examined ; 
but as the interior cavity of this was likewise occupied by a dense 
vesicular tissue, it is probable that it belonged either to Archwocya- 
thus or Protopharetra. 

In other respects Hthmophyllum approaches closely to Archeo- 
cyathus, Bill., and its characters may be thus defined :—Funnel- 
shaped or subcylindrical forms with a finely perforate outer surface ; 
septa well developed ; dissepimental tissue apparently wanting ; the 
inner surface of the wall consisting of a series of obliquely directed 
canals which open into the central cavity. 

At present only two species of this genus are known, H. Whit- 
neyt, Meek, from the Lower Cambrian (Olenellus-zone) of Nevada, 
and H. marcanum, F. Romer, from an apparently corresponding 
horizon near Cazalla, Seville, Spain. 


Genus CoscrnocyatHus, Bornemann. 
(1884. Zeitschr. d. deutsch. geol. Gesellsch. p. 704; Versteine- 
rungen Sardiniens, p. 59.) 
Turbinate, open saucer-shaped, or subcylindrical forms, resembling 


* Bulletin U.S. Geol. Surv. no. 30, p. 75. 

T ‘Lethea Palzxozoica,’ Iste Lief. (1880), p. 301, fig. 55. 

{ They are not present in the beautifully preserved specimens of this form 
sent me by Mr. Walcott. 
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Archeocyathus in the character of the outer and inner wall-plates 
and of the septa, but possessing in addition transverse cribriform 
plates, which subdivide the vertical interseptal loculi. These trans- 
verse plates, which may be compared to the tabula in fossil corals, 
only that they are perforate, extend quite across the space between 
the outer and inner laminz of the wall, but they do not extend into 
the interior hollow cup. In some cases they are nearly horizontal, 
in others they are arched or even oblique. In structure they re- 
semble the vertical septa, and in some sections can scarcely be dis- 
tinguished from them. 

Dr. Bornemann has described 15 species of this genus from the 
Cambrian strata of Sardinia; the differences between them are 
principally those of size and form and the number of septa and cross- 
septa or tabule. Mr. Walcott * has likewise described a species 
evidently belonging to this genus, under the name of Archwocyathus 
Billingsi ~. It comes from the Lower Cambrian of the Anse au Loup, 
Labrador. 


Genus ANTHoMoRPHA, Bornemann. 


(1884. Zeitschr. d. deutsch. geol. Gesellsch. p. 705; Ver- 
steinerungen Sardiniens, p. 75.) 


This genus has been constituted for cup-shaped or turbinate 
forms with robust vertical septa, dissepiments, and transverse plates 
or tabule. These structures are stated to be non-perforate and thus 
to form a transition to the true corals. 

In the material sent to me by Dr. Bornemann from Sardinia, 
I have only seen two specimens which could be referred to this 
genus, and in these the septal walls had been replaced by calcite, 
so that one could not determine whether they were originally im- 
perforate or not. Only a single species from Sardinia has been 
referred to this genus by Dr. Bornemann. 


Genus ProtopHareTra, Bornemann. (Plate V. fig. 11.) 


(1883. Zeitschr. d. deutsch. geol. Gesellsch. p. 274; id. 1884, 
pp. 400, 705; Versteinerungen Sardiniens, pp. 38, 39, 46.) 


No categorical definition of this genus has been given, for the 
author did not regard it as an independent organism, but merely 
the lower or vegetative state of development of forms of Archwocya- 
thus and Coscinocyathus. Some forms of these genera can be traced, 
according to the author, to an early stage, in which they exhibit the 
skeletal structure of Protopharetra. In other cases, however, only 
this Protopharetra stage is present, and no connexion with the 


* Bull. no. 30, p. 74, pl. iii. figs. 3, 3 a-c. 

Tt From an examination of the type of this species (kindly sent me by Mr. 
Walcott), I believe that the “ spicula-like- bodies” referred to in his description 
are fibres of calcite similar to those described by Bornemann in Coscinocyathus 
vesica and C. proteus (Verst. Sardin. p. 71). They are not, in my opinion, 
sponge-spicules.—(G. J. H., Jan. 24, 1889.) 


136 DR. G. J. HINDE ON ARCH HOCYATHUS AND OTHER GENERA 


supposed higher stage of the organism has been discovered ; and for 
such forms, which, in places, Dr. Bornemann states, fill entire beds. 
of rock, the provisional genus Protopharetra is proposed. It includes 
bodies of very varying forms, either cylindrical or growing in ex- 
tended masses, from which simple or furcated stems are given off. 
The stems have a tube-like, axial cavity, crossed by tabule (Boden, 
Bornem.) and bounded by the porous walls. These consist of a 
delicate, fibrous, calcareous tissue, of dull, nearly opaque, milk-white 
aspect in thin sections. The fibres may be cylindrical or flattened, 
and they anastomose with each other, and thus bear a consi- 
derable outward resemblance to the structure of the group of fossil 
Calcisponges named Pharetrones by v. Zittel; but, unlike these, no 
traces of spicules occur in the fibres, and their minutely granular 
homogeneous character is opposed to the idea that they originally 
consisted of spicules. 

From microscopic sections of the Sardinian specimens kindly pre- 
sented to me by Dr. Bornemann I am enabled to confirm the 
description given by him of the structure of Protopharetra. Jam 
not satisfied, however, that these fossils are merely the lower stage 
of development of Archwocyathus-forms. Very small specimens, 
both of this latter genus and of Protopharetra, are present in the 
same rock-fragments, and the distinctive characters of each are well 
marked. Fairly large examples of Protopharetra also occur, which 
show no traces of the regular septal structure of Archwocyathus. 

Five species of this genus have been described by Dr. Bornemann 
from the Lower Cambrian strata of Sardinia. 


Genus SprrocyatHus*, gen. nov. (Plate V. figs. 8, 9, 10.) 


Generic characters. Infundibuliform or subcylindrical forms, with 
an axial subcylindrical tube or cavity bounded by thick walls. 
These are built up of relatively thick, solid, inosculating plates or 
lamine, partially connected by delicate fibres, which form a reticu- 
late tissue with irregular lacune or canals. The lamina forming 
the outer surface, and that next the axial tube, are much stouter 
than those of the central portions of the wall. The outer lamina 
is apparently perforated by minute apertures, and larger canals 
connect the interspaces of the wall-tissue with the central cavity. 
In places the cavity is partially filled up with fibrous outgrowths 
from the wall. The wall-plates consist of a primary central layer 
enclosed by successive secondary layers of a minutely granular 
carbonate of lime. 

This genus is based on the type specimen of Archewocyathus 
atlanticus, Bill.t The form had not previously been studied in 

* o7eipa, a twisted coil, kiaGos, cup. 

t New species of Lower Silurian Fossils, 1861, p. 4, figs. 1-3; Pal. Fossils, 
vol. i. (1865) p. 5, fig. 5. Mr. Walcott (Bull. no. 30, p. 73) regards this species: 
as the type of Archeocyathus, Bill. ; but I have pointed out already (p. 126, note), 
that for very good reasons Mr. Billings, in a revised reference to the genus in 
1865, distinctly placed A. profundus as the type, and that the characters of 


A. atlanticus will not allow of its inclusion in Archeocyathus, as defined 
by Mr. Billings. 
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microscopic sections, and these show such peculiar structural cha- 
racters, that they seem to me to justify placing it in a distinct 
genus. ‘The type specimen is subcylindrical or elongate-conical, the 
extreme base and summit are wanting, so that the portion preserved 
is only about 58 millim., or 21 inches in length *, 18 millim. in 
diameter near the base, and 28 millim. at the top. It has been 
sectioned transversely near the base, and the upper portion divided 
by a median longitudinal section. The specimen is in a matrix of 
hard, compact, reddish limestone, which has been almost entirely 
removed from the outer surface, but completely fills the interior 
eavity and also some of the interspaces in the wall ; other inter- 
spaces are occupied by calcite. The outer surface is apparently 
smooth, and exhibits obscure annular ridges and wide shallow 
furrows between them. ‘The walls and substance of the fossil are 
of limestone of a dull yellowish-white tint; by transmitted light, in 
thin sections, it shows the same minute granular texture which has 
been already described in Archwocyathus. 

The smooth outer lamina of the wall appears to have been per- 
forated by minute, closely-set, subcircular pores, about °2 millim. in 
width, giving it a delicately reticulate appearance. ‘This structure 
can only be distinguished on certain portions of the surface by a 
strong lens, and it is not shown in transverse sections, possibly 
because the pores may have been subsequently filled up. 

The walls bounding the inner tubular cavity vary from 8 to 10 
millim. in thickness, whilst the tube itself is from 10 to 12 millim. 
wide, or somewhat more than one third the diameter of the fossil. 
The plates or laminz composing the wall are very irregularly 
arranged ; sometimes there are traces of a radial disposition (Pl. V. 
fig. 8), but more frequently they curve and inosculate with each other 
so as to form a series of closed loops (Pl. V. figs. 9,10). The outer 
and inner lamin, though much thicker, are of precisely the same 
structure as the intermediate plates. The canals and lacune thus 
enclosed by the wall-plates are very irregular in disposition and 
size; frequently they are much contracted by the thickening of 
the plates, and occasionally are quite filled up. The wall-plates 
are likewise connected by slender calcareous threads, circular in 
section, and about ‘025 millim. in thickness; some of these fibres 
also irregularly bridge over the axial tube of the fossil and connect 
opposite sides of the wall. 

The primary or central layer of the wall-laminz is approxi- 
mately even, about -12 millim. in thickness ; it is distinctly marked 
off from the secondary layers by marginal lines (PI. V. fig. 10), but 
the substance of this layer is of the same nature, though of a lighter 
tint, by transmitted light than the enclosing secondary layers. 
These vary in number, but each is more or less distinctly bounded 
by a marginal line, darker when seen in thin section. The wall- 
plates vary from °4 to ‘8 millim. in thickness; that bounding the 
inner tube reaches in places 2 millim. in thickness, from the depo- 


* In the Pal. Foss. vol. 1. p. 6, the fragment is stated to be 44 in. in length. 
but this seems to be a mistake. 
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sition of numerous secondary layers on its inner side. Owing to 
the infilling of the axial tube by the solid matrix, the characters of 
the inner surface of the wall can only be seen in the sections; it 
appears to be uneven, with projecting points and ridges, and to be 
penetrated by wide canals. 

In one portion of the central tube of the type specimen a section 
of a small individual, 2 millim. in diameter *, is exposed, which 
may be of the nature of a bud, though its connexion with the 
larger specimen is not definitely shown. 

The character and arrangement of the structures in the wall of 
Spirocyathus definitely mark it off from <Archeocyathus and the 
allied genera in which there are distinct radial vertical septa. In 
general characters? Spirocyathus approaches Protopharetra, Bornem., 
the principal differences being the peculiar primary and secondary 
layers in the wall-plates and the absence of tabule (Béden); 
further it is a simple form. 

The only species at present known is Spirocyathus atlanticus, 
Bill., sp., from the lowest fossiliferous or Olenellus-zone of the 
Cambrian at Anse au Loup, Labrador. It is also present at the 
corresponding horizon in Nevada, as shown by Mr. Walcott t. 


4. Affinities of Archeeocyathus and allied forms. 


The genera Archeocyathus, Bill., Coscinocyathus, Bornem., An- 
thomorpha, Bornem., and the provisional genus Protopharetra, 
Bornem., were included by Dr. Bornemann § as a separate group of 
the Coelenterata under the name of the Archzocyathine. In the 
same group may now be reckoned Eihmophyllum, Meek, and Spirocya- 
thus, gen. nov. Of these genera, Protopharetra and Spirocyathus are 
closely related together, and differ from the others in the absence of 
distinct radial septa and some other features; but in their minute 
structure and their general plan of growth they are similar, and may 
be regarded as belonging to the same group, the zoological relations 
of which we now propose to consider. 

First, as regards their relationship to Sponges, with which they 


* Mr. Walcott seems to have been the first to call attention to this young 
specimen. See Bull. no. 30, p. 73. 

Tt I have felt considerable difficulty in determining whether Spirocyathus 
could be established as a genus distinct from Protopharetra, Bornem.; for 
though I have not seen in the specimens sent me from Sardinia the peculiar 
characters of the wall-plates so conspicuous in the former genus, it is just 
possible that these features might have been lost in the fossilization of the 
Sardinian forms of Protopharetra. I have also felt the further objection to 
merging Spirocyathus atlanticus under Protopharetra, since Dr. Bornemann has 
expressly stated (Verstein. Sardiniens, pp. 47, 48) that this latter does not 
indicate an independent genus; whereas, whatever may be the case with the 
Sardinian forms, I can entertain no doubt that the type of Spirocyathusis of 
itself quite independent of Archeocyathus. 

t Bull. no. 30, pl. ii. figs. 16, 2, 2 a. 

§ Zeitschr. d. deutsch. geol. Gesellsch. 1884, p. 706; Versteinerungen Sar 
diniens, p. 28. 
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were, by Mr. Billings*, ultimately classed, owing to his unfor- 
tunate mistake in regarding Arch. profundus and Arch. (now 
Spirocyathus) atlanticus as structurally similar to the A. minga- 
nensis, Which is a true siliceous sponge. We have seen that in all 
the forms above mentioned the skeleton is composed of carbonate of 
lime in a minutely granular condition, and there is every indication 
that this is the original material, and that it is not a replacement 
after silica, so that any relationship to siliceous sponges is alto- 
gether excluded. As regards their probable alliance to Calci- 
sponges, there are no known forms of this group, whether fossil or 
recent, with the same regular septate build of the skeleton which 
distinguishes most of the genera of the Archeocyathine. Spiro- 
cyathus and Protopharetra do, indeed, in the reticulate and partly 
fibrous character of their skeletons, bear an outward resemblance to 
the fossil Pharetrones 7, and it has been suggested that, as in many 
of these sponges, the fibrous structures may have originally consisted 
of spicules which have been destroyed in the fossilization ; but to 
this supposition may be opposed the fact that the fibres of true 
Pharetrones whose spicular structures have been destroyed do not 
show the same minute granular condition which is present both in 
the Sardinian and Canadian examples of the two above-named 
genera, and, further, in no example of Pharetrones which has 
come under my observation is there, in the skeleton-fibres, a primary 
layer enclosed by successive secondary layers, which is so clearly 
shown in Spirocyathus. This feature 1s, in my opinion, conclu- 
sively opposed to the idea that the skeleton of this genus, like that 
of the Pharetrones, consisted originally of spicules of carbonate of 
lime. 

Next, as to the relations of the Archeocyathine to Foraminifera, 
with which group Archwocyathus has been compared by Sir J. W. 
Dawson ~. The general form and structure of this organism does 
not bear any close resemblance to any known fossil or recent genus 
of Foraminifera, and the septal interloculi crossed by dissepiments 
cannot be compared with the chamber-system of Foraminifera. 

Archeocyathus has been included in the Receptaculitide by 
Prof. Ferd. Romer on the grounds of possessing a perforated outer 
and inner wall, enclosing a central cavity as in Receptaculites. The 
resemblance, however, is of too slight a character and insufficient to 
indicate any close relationship, particularly if the real nature of the 
skeleton of this latter genus is taken into consideration. 

We may now consider the probable relationship of the Archeo- 
cyathinz to Corals, with which they were at first compared both by 


* Pal. Foss. vol. i. p. 357. 

+ Versteinerungen Sardiniens, p. 37. 

{ Can. Nat. and Geologist, 1865, p. 108, note; Pal. Foss. vol. i. p. 356; 
Dawn of Life (1875), pp. 151-155. Mention is here made of a canal-system 
within some of the thicker plates of Arch. profundus; but the original section 
from which fig. 41 ¢, p. 154, was taken shows that the supposed canals are merely 
accidental defects in the preparation of the section. 
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Billings * and Meek + ; Dr. Bornemann { and Prof. Meneghini § also 
for some time regarded the Sardinian examples of Archeocyathus as 
species of Oyathophyllum. Their form and mode of growth so pre- 
cisely simulate turbinate or subcylindrical specimens of Silurian 
and Devonian genera of Rugose Corals, that they would at once be 
regarded as such by any one at all familiar with these organisms, 
and, indeed, in some weathered-out specimens of Archwocyathus 
the differences are not apparent until sections have been made. 

The radiate vertical septa in Archeocyathus and its allies may 
strictly be compared with the same structures in corals; they com- 
mence from the outer surface-wall of the organism, with which they 
are in immediate connexion, and extend to the lamina bounding 
the inner tube or cup, which, indeed, is formed in some cases by 
the lateral extension and union of proximate septa. In their per- 
forate character, as has already been pointed out by Mr. Billings, 
the septa resemble those of perforate corals, which, however, are 
of rare occurrence in Paleozoic strata ; but since Mr. Billings wrote, 
a genus of corals ||, Calostylis, Lindstr., has been discovered in the 
Silurian strata of the Isle of Gotland, in which the septa are markedly 
perforate, like those of Archeocyathus. 

The regular perforate character of the outer surface of the wall, 
so clearly shown in some of the Sardinian specimens of Archwocyathus 
and in Kthmophyllum marianum, Rom., and L. Whitney, from Spain 
and Nevada respectively, cannot find a parallel in any palzeozoic coral 
with which I am acquainted; but some tertiary fossil and recent 
deep-sea forms (such as, for example, Stephanophyllia formosissima4 , 
Moseley) have their basal surface perforated in a manner equally 
delicate as in the Cambrian Archeocyathine. It is probable that 
there may have been in Archeocyathus profundus an outer delicate 
imperforate lamina of an epithecal character, the same as in the 
majority of corals. 

The dissepiments connecting the septa in Archwocyathus and in 
some of the allied genera bear a close resemblance to the same 
structures in many Rugose Corals, such as Cyathophyllum and 
Cystiphyllum. The tabule in Coscinocyathus, though comparable 
in position to those of Rugose Corals, differ in their perforate cha- 
racter. 

In the well-developed perforated lamine of the wall bounding 
the inner tube or cup, Archwocyathus and some of the allied genera 
differ from more recent corals, and the peculiar oblique canals 
which characterize the genus Hthmophyllum are also without a 
counterpart in other corals. In the genus Anthomorpha, Bornem., 

* New Species of Lower Sil. Fossils, 1861, p. 3. 


t Amer. Journ. Sci. and Arts, vol. xliv. 1868, p. 62. 
{ Extrait du Compte Rendu du Congrés géol. intern. 4 Bologne (1881), 


p. 3. 

§ Atti della Societa Toscana di Sc. Nat. (1881), p. 201. 

|| Ofversigt k. Vetenskaps-Akad. Forhandl. 1868, p. 421. The same genus 
has been found by Nicholson and Etheridge in Scotland. See Mon. Girvan 
Fossils, fase. 1, p. 65, pl. v. figs. 2,2.c. It also occurs in the Wenlock district. 

€] Report on ‘ Challenger’ Corals, p. 201, pl. xiii. 
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however, there is, judging from Dr. Bornemann’s descriptions and 
figures, a much closer resemblance to Rugose Corals than in the 
other genera of the family ; for the septa and wall-plates are imper- 
forate, and there is not a well-defined inner wall to the cup or tube, 
the central portion of which is filled by vesicular tissue. 

In the non-septate or obscurely septate genera, Protopharetra and 
Spirocyathus, the resemblance to corals is far less striking; but the 
reticulate disposition of the laminz of the wall in these forms bears 
a singularly close correspondence to that in the outer zone of the 
wall in Calostylis, Lindstr., and other later perforate corals. In these 
latter the outer reticulate zone passes into an inner septate zone, 
whereas in the former genera the reticulate disposition remains, as 
a rule, throughout the entire thickness of the wall, though occa- 
sionally traces of radiate septa are developed. The thickening of 
the wall-plates in Sprrocyathus by a secondary deposition of suc- 
cessive layers of material may also be compared to the successive 
layers of stereoplasm in many other corals, both fossil and recent. 

Owing to the many changes induced by fossilization, a comparison 
of the minute structure of the wall-plates in the Archzocyathinz 
with that in other fossil corals is not of special value; but it may 
be noted that the minutely granular carbonate of lime of which the 
walls in this group now consist is likewise of common occurrence 
in fossil corals, though apparently in the older fossils it is some- 
what more dense and opaque in thin sections. 

The above considerations appear to me to indicate that the 
Archzocyathine belong to a special family of the Zoantharia 
sclerodermata, with near relationship (leaving Anthomorpha out of 
account) to the Perforata. An objection may be taken to the 
above view from a geological standpoint, since other undoubted 
corals have not hitherto been discovered in Cambrian strata, and it 
is not till reaching the Ordovician that they have made their 
appearance, and, if we except Calostylis, perforate corals (com- 
parable to Archceocyathus) are hardly met with in Paleozoic strata. 
On this objection, however, little weight can be laid; for though it 
is remarkable to find organisms with such a general correspondence 
to perforate corals in the lowest fossiliferous Cambrian strata, yet 
they are in association with Trilobites and other fossils of a higher 
srade in the scale of organized life, and there can be little doubt 
that the existence of coral life dates back to a period long anterior 
to the deposition of the Cambrian limestones. 


5. On Archeeoscyphia, gen. nov., Calathium, Bill., Trichospongia, 
Bill., and Nipterella, gen. nov. 


It has been already mentioned that one species included by 
Mr. Billings in the genus Archeocyathus (A. minganensis) proves to 
be a siliceous sponge, and that the same author compared the 
genus itself with Calathium, Bill., and with other sponges. The 
Geological Survey of Canada, through Mr. J. F. Whiteaves, F.G.S., 
has enabled me to study the type forms of A. minganensis and of 
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the other genera with which it is associated; and it seems desirable, 
by describing the microscopic structure of these forms, to show 
their real characters, and at the same time the radical differences 
between them and Archeocyathus proper and its allied genera. I 
have likewise been permitted by the Director-General of the 
Geological Survey of Great Britain to examine some fossils from 
the Durness Limestones of the north-west of Scotland, which had 
been referred to Archeocyathus ; and their minute structure proves 
that they are not related to the true genus of this name, though 
they are to Archeoscyphia minganensis and Calathium. 


Genus ARcHmoscYPHia, gen. nov. (Plate V. figs. 12, 13, 14.) 


This genus is proposed to include Archwocyathus minganensis 
with the following generic characters :— 

Sponges simple, vasiform or subcylindrical, apparently free. 
Outer surface with strongly marked annular projections. Wall 
robust, the skeleton built up in the form of septum-like longitudinal 
plates, closely arranged with narrow interrupted spaces between, 
The dermal lay er smooth, with minute canal apertures, beneath are 
larger canals opening into the intervals between the septum-like 
plates. No definite inner wall next the cloacalcavity. The skeleton 
consists of minute siliceous spicules of the tetracladine type; their 
rays are slightly furcate and branched at their extremities, and they 
interlock without forming prominent nodes. In many spicules only 
three rays are apparently developed. Irregular branching spicules 
are likewise present. 

At present only fragments of the type species are known, from 
which Mr. Billings produced a restored figure of the complete sponge, 
which has been often copied in different works. The fragments 
indicate a specimen of at least 80 millim. in height and 50 millim. 
in width. They are wholly siliceous, in a somewhat granular con- 
dition, and very unfavourable for preparing sections. The original 
structure of the interior has almost entirely been obliterated in the 
fossilization, so that only indistinct traces of the spicular mesh can 
be recognized in thin sections. The form of the sponge is peculiar, 
from the irregular annular extensions or platforms developed at 
intervals on the outer surface, which in places project from 10 to 
15 millim. beyond the general surface of the wall (Pl. V. fig. 12). 
In the intervals between these rings the wallis about 6 millim. in 
thickness. The septum-like plates are from °5 to 1 millim. in thickness, 
with about the same distance between each. Their connexion with 
the outer portion of the wall is by no means so distinct as it appears 
in Mr. Billings’s figures, and the interspaces are now to a great 
extent infilled by siliceous material, but they appear originally to 
have been bridged over by lateral extensions of the skeletal mesh. 
The inner edges of the septum-like plates are free and uncovered, 
and I can see no traces, in the type specimens sent to me, of an inner 
wall (Pl. VY. fig. 13). 

The dermal layer is smooth; very minute perforations can be seen 


t 
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in it in places, but no distinct spicules. Where the smooth surface- 
layer has been wornaway, small canal-apertures, about:5 millim. wide, 
are exposed (Pl. V. fig. 12). It is only in certain weathered places on 
the outer surface of the sponge that the spicular structure can be 
clearly seen. The spicules are very small, the rays vary from °1 to *2 
millim. in length, and about :03 millim. in thickness. They appear 
to have been united together by the intertwining of the branching 
extremities of the rays, bul no prominent nodes are formed by the 
junction as in the majority of the Mesozoic tetracladine sponges. In 
most of the spicules only three rays can be distinguished, but in 
some the normal four rays are developed (Pl. V. fig. 14). The 
irregular spicules consist of a single straight or curved axis, with 
branching ends. That the entire sponge was built up of similar 
spicules to those on the surface, is proved by the traces of them in 
thin sections of the interior of the wall. 

The peculiar form of the outer surface and the strongly marked 
septum-like disposition of the spicular skeleton readily distinguish 
this genus from other fossil and recent Lithistids. This septum-like 
arrangement, however, is not peculiar to Archcwoscyphia, since it is: 
present, though in a less marked degree, in the Mesozoic genera 
Cnemidiastrum, Zitt., and Corallidium, Zitt. 

Archeoscyphia minganensis was first described by Mr. Billings * 
as the cast of the interior of a coral belonging to the genus Petraia. 
In 1861 this author included it in Archeocyathus, and stated that it 
occurred in the Calciferous Formation of the Mingan Islands, and 
also in the Potsdam Limestone of Anse au Loup, Labrador. In 
1865 t, however, the Potsdam specimens were regarded as distinct, 
and the specific name was restricted to the specimens from the 
Mingan Islands. In these Mr. Billings discovered numerous rod-like 
spicules which were regarded as adventitious, and branching spicules 
belonging to the organism itself. Mr. Billings then described it, 
and rightly, as a sponge, but he retained it still in Archewocyathus, 
though beyond a rude correspondence in form there is nothing in 
common between A. minganensis and A. profundus, the type of 
Archeocyathus. In the former of these the skeleton is siliceous and 
consists of spicules; in the latter it is compact carbonate of lime, 
and there are no traces whatever of spicules. 

Only a single species of this genus, A. minganensis, Bill., sp., has 
been definitely recognized from the Calciferous Formation of the 
Mingan Islands, Lower St. Lawrence. In the Durness Limestones. 
of Sutherlandshire some weathered-out siliceous sponges occur, 
which, so far as their imperfect state of preservation allows of com- 
parison, appear to belong to Archwoscyphia, and possibly to a species 
distinct from A. minganensis. 


* Canadian Nat. and Geol. vol. iv. 1859, p. 346. 
t New Species of Lower Silurian Fossils, 1861, p. 5. 
{ Pal. Foss. vol. i. pp. 5, 354. 
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Genus Catatutum, Billings, 
(1865. Pal. Fossils, vol. i. pp. 208, 209.) 


Sponges inverted conical or subcylindrical, with large cloacal 
cavity. The walls perforated by closely-set, circular, or oval canal- 
apertures, disposed so as to form nearly horizontal and longitudinally 
spiral lines. Spicular structure unknown. 

This genus is based on Calathium formosum, Bill.*; the type 
specimen is inverted conical, 46 millim. in height and 24 millim. in 
width at the summit. The outer surface is quite weathered out of 
the rock, but the interior is solidly filled with a dark limestone 
matrix. The canal-apertures of the wall are about 1 millim. in 
diameter, and from ‘5 to 1 millim. apart. The walls are not more 
than 3 or 4 millim. in thickness; though siliceous, their spicular 
structure has been entirely obliterated, so that whether it is hexac- 
tinellid or lithistid cannot be known from the type specimen. This 
is from the Calciferous Formation (Division G of Billings) at Cape 
Norman, Newfoundland 7. 


Catatuium AnstepI, Billings. 


1865. C. Anstedi, Bill. Pal. Foss. vol. i. p. 210, fig. 194. 


A fragmentary specimen from the Durness Limestone of Suther- 
landshire agrees so closely with Billings’s description and figure of 
this species that it may safely be included under it. The fragment 
is the upper portion of a turbinate specimen ; the walls are 8 millim. 
in thickness, and the cloacal cavity 50 millim. in width. The canal- 
apertures of the surface are in nearly horizontal and vertical rows ; 
they are smaller than in C. formosum, being about 4 in 5 millim. 
No traces of the spicular structure remain. The form described by 
Mr. Billings is from the Calciferous Formation (Division H), 
Pistolet Bay, Schooner Island, Newfoundland. 


Genus NiprerEtta f, gen. nov. (Plate V. fig. 15.) 


I propose this genus to include Calathium(?) paradoxicum §, 
Billings, with the following generic characters :—Sponges massive, 
subcylindrical, with basal expansion; summit truncate, with an 
open, shallow, basin-like depression. Traces of canals extending 
from the surface to the interior. Skeleton, a close meshwork of 
lithistid spicules. Spicules rod-like, with branching or truncate 
ends. 

The type specimen, which is now of solid silica, is subeylindrical, 
about 50 millim. in height by 60 millim. in width, with an uneven 
expanded base ||. The basin-like hollow at the summit is not more 


* Pal. Foss. vol. 1. p. 209, fig. 192. 

t Ibid. vol.i. p. 371. 

+ warn, a laver, dimin. 

§ Pal. Foss. vol. i. p. 358, fig. 345. 

|| In the figure given by Mr. Billings the sponge is, in my opinion, repre- 
sented upside down. 
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than 10 millim. in depth. The outer surface is rough and uneven, 
showing no other structure beyond traces of infilled canals apparently 
directed towards the summit. Minute radial canals can be faintly 
seen in some places in the interior of the wall. The body of the 
sponge appears to have been entirely filled with the skeletal tissue, 
but the spicules are now to a great extent obliterated; they are 
variable in form, but chiefly with a straight or curved axial portion, 
and tuberculated and slightly branched extremities, thus of the 
Rhizomorina-type (Pl. V. fig. 15). 

The general build of this sponge is clearly distinct from that of 
the genus Calathiwm, in which Mr. Billings provisionally placed it. 

The type species is from the Calciferous Formation of the Mingan 
Islands, Lower St. Lawrence. 


Genus TricHosvoneta, Billings. 
(1865. Pal. Foss. vol. 1. p. 357.) 


This genus occurs in depressed cup-shaped masses, now of granular 
silica, in which the original structure is largely destroyed. Partially 
detached rod-shaped or acerate spicules are present in the porous 
portion of the mass, and traces of similar spicules in thin sections of 
the more compact portions. Some of the spicules have apparently 
a subparallel arrangement, but no definite fibres can be made out. 
As no other than monactinellid spicules are present, the genus may 
be regarded as belonging to the suborder Monactinellide. Only 
one species, 7’. serecea, Bill., is known, it is from the Calciferous 
Formation of the Mingan Islands. 


It is worthy of remark that the Calciferous Formation of the 
Mingan Islands is the lowest geological horizon in which sponges 
are met with in sufficient numbers to constitute an appreciable 
element in the fossil fauna. Below this horizon only the hexacti- 
nellid genus Protospongia is known, and specimens of this are of com- 
paratively rare occurrence. In the Mingan strata two genera of 
Lithistid sponges, Archwoscyphia and Nipterella, are the earliest 
known representatives of this important group, whilst Trichospongia 
is the earliest Monactinellid genus yet described ; and, judging from 
the variety of detached acuate and acerate spicules in the same 
rocks *, other forms of the same group are associated with it. 
Another genus, Rhabdaria, is likewise mentioned by Mr. Billings t ; 
but the spicular structure of this is not yet known. It is also 
noticeable that the presence of siliceous sponges in these rocks is 
associated with the occurrence in them of many nodules and patches 
of chert ¢; also in the Durness Limestones, in which Archeo- 
scyplia and Calathiwum have been recognized, and other siliceous 


* Billings, Pal. Foss. vol. i. p. 355, fig. 344; Hinde, Geol. Mag. vol. v. 
(1888), p. 226, fig. 1, a-d. 

t Pal. Foss. vol. i. p. 357. 

{ Geological Survey of Canada, Report of Progress, 1863, p. 120. 
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sponges occur, though too poorly preserved for generic determination,,. 
large masses of chert have lately been described *, thus indicating 
in the Cambrian strata the same relation of the chert to the 
presence of sponge-life which has already been pointed out by the 
writer in the Upper Carboniferous (Yoredale) Beds of Ireland f and 
in rocks of later date. 


SUMMARY. 


A revision of the type specimens of the three species included by 
Mr. Billings in the genus Archeocyathus shows that each of the 
species represents a distinct genus. Archwocyathus profundus,, 
having been selected by Mr. Billings in 1865 as the typical species, 
is retained as such, and the characters of the genus, as shown in this 
species, are redefined. <Archcocyathus atlanticus, Billings, is made the 
type of a new genus, Spirocyathus; and the third species, Archeo- 
cyathus minganensis, proves to be a siliceous sponge, and is included 
in a new genus, Archeoscyphia. 

Including the genera allied to Archeocyathus, described by Meek 
and Bornemann, the following constitute the family Archwocyathine, 
proposed by this last-named author :—Archeocyathus, Bill. ; Ethmo- 
phyllum, Meek ; Coscinocyathus, Bornem.; Anthomorpha, Bornem. ;. 
Protopharetra, Bornem. ; and Spirocyathus, g. n. 

The genera of this family are characterized for the most part by 
turbinate or subcylindrical forms with stout walls, including an 
interior tubular or cup-shaped cavity. Their skeletons are of 
carbonate of lime in a minutely granular condition. The walls in 
the first four of the above-named genera consist of an outer and 
an inner lamina connected by vertical radial septa; dissepiments are 
generally present between the septa; save in the genus Antho- 
morpha, the outer lamina of the wall is regularly and minutely 
perforate, and the inner lamina and septa are likewise cribriform ; 
Ethmophylium is particularly distinguished by oblique canals con- 
necting the interspaces of the wall with the central cavity ; Coscino- 
cyathus by transverse perforate tabule; and Anthomorpha by the 
apparently imperforate character of the surface-lamine and septa. 
Protopharetra and Spirocyathus are not distinctly septate, but their 
skeletons consist of irregularly curved anastomosing lamine and 
fibres ; in the latter genus the lamine are remarkably thickened 
by successive secondary deposits of calcareous material. 

The Archeocyathine are regarded as a special family of the Zoan- 
tharia sclerodermata, in some features allied to the group of per- 
forate Corals. The family is restricted, so far as known at present, 
to the lowest fossiliferous zone of the Cambrian strata, that cha- 
racterized by the trilobitic genus Olenellus, Hall, and it occurs at 
Anse au Loup, Labrador; Troy, New York State; Nevada; Sierra 
Morena, Spain ; and in the south-west of the Island of Sardinia. 


* « Recent work of the Geol. Survey in the N.W. Highlands of Scotland,” 
Quart. Journ. Geol. Soe. vol. xliv. 1888, pp. 404, 406, 407. 

t Geol. Mag. vol. iv. 1887, p. 435; 7. vol. v. 1858; Phil. Trans, 1885, pt. ii. 
pp. 403-453. 
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The genus Archwoscyphia, based on Archawocyathus minganensis. 
Bill., isshown to be a Lithistid sponge; and Nipterella, n. g., based 
on Calathium(?) paradoxicum belongs likewise to the same group 
of sponges. The genera Calathium, Bill., and Trichospongia, Bill., 
are also undoubted siliceous sponges. These various sponges, which 
were either included in Archwocyathus by Billings or regarded 
as allied thereto, have no relation whatever to this genus or to 
any member of the family in which it is included. They likewise 
come from a distinctly higher geological horizon, that of the Cal- 
ciferous Formation of the Canadian geologists, which is probably at 
the summit of the Cambrian system. They are found in this for- 
mation in the Mingan Islands, Lower St. Lawrence, and in New- 
foundland : species of Archwoscyphia and Calathium are also present 
in the Durness Limestones of the North-west of Scotland, but I 
have not seen any undoubted examples of Archwocyathus associated 
with them. 


EXPLANATION OF PLATE V. 


Fig. 1. Archeocyathus profundus, Bill. A specimen showing the outer form 
and traces of the septa; the surface has been weathered. Natural 
size. From the Cambrian strata at Anse au Loup, Labrador. The 
specimen belongs to the Museum of McGill College, Montreal. 

Fig. 2. The same. A saucer-shaped specimen, viewed from above. The 
radiating septa and dissepiments now appear as depressed lines in the 
matrix. Natural size. Also from Anse au Loup, Labrador. The 
specimen belongs to the Collection of the Geological Survey of Canada, 
Ottawa. 

Fig. 3. The same. Portion of a transverse section of a specimen drawn from a 
microscopic section, and enlarged four diameters. The immediate 
outer surface is not preserved ; the vesicular tissue next the central 
cavity is largely developed. The specimen is from Anse au Loup, 
and belongs to the Geological Survey of Canada. 

Fig. 4. The same. A fragment of the transverse section of a cup-shaped speci- 
men, enlarged ten diameters, showing below a slight development of 
vesicular tissue and a definite inner lamina of the wall. The section 
belongs to the Geological Survey of Canada. 

Fig. 5. The same. Portion of a longitudinal section of the wall of the same 
specimen, showing in places the perforations in the septa and the 
‘dissepiments. Enlarged five diameters. From Anse au Loup, 
Labrador. The specimen belongs to the Geological Survey of 
Canada, 

Fig. 6. Archeocyathus ichnuse, Meneghini. A portion of the outer surface of 
the wall, showing the minute perforations between the septa. Enlarged 
forty diameters. From Cambrian strata at Punta Pintau, Sardinia. 

Fig. 7. Hihmophyllum Whitneyi, Meek. Portion of a microscopic transverse 
section of a specimen, enlarged ten diameters, showing the septa and 
the oblique inner canals of the wall in section. From the Cambrian 
strata of Nevada. [This figure has been introduced since the paper 
was read before the Society. | 

Fig. 8. Spirocyathus atlanticus, Bill., sp. Portion of a transverse section, 
enlarged four diameters, showing the arrangement of the lamine of 
the wall; for the most part irregular, but apparently radial in some 
places. From the type form belonging to the Geological Survey of 
Canada. 

Fig. 9. The same. Portion of a longitudinal section of the wall of the type 
specimen, from Anse au Loup, Labrador. Enlarged four diameters. 
It belongs to the Geological Survey of Canada. 

L2 
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Fig. 10. The same. A portion of a transverse section from the type specimen, 
enlarged ten diameters, showing the characters of the primary and 
supplementary layers of the wall-laminz. 

Fig. 11. Protopharetra, sp. A transverse section of a small specimen, enlarged 
ten diameters. From Cambrian strata at Canal Grande, Sardinia. 

Fig. 12. Archeoscyphia minganensis, Bill., sp. A fragment of the type speci- 
men, showing portions of two of the annular platforms and the 
canal-apertures of the outer surface of the wall. Natural size. 
From the Calciferous formation of the Mingan Islands, Lower St. 
Lawrence. The specimen belongs to the Geological Survey of Canada. 

Fig. 13. The same. A portion of the inner surface of the same fragment, show- 


ing the inner edges of the longitudinal plates of the skeleton. Natural 
size. 


Fig. 14. The same. Spicules of the sponge, weathered out on the surface. 
Enlarged sixty diameters. 

Fig. 15. Nipterella paradoxica, Bill., sp. Spicules of the sponge shown in 
microscopic sections of the interior. Enlarged sixty diameters. 
From the Calciferous Formation of the Mingan Islands. 


DiIscusstIon. 


The PresmpEnt, after remarking that the Author had thrown 
much light on an obscure subject, observed that the paper was 
beyond the criticism of all who had not devoted especial study to 
sponges and corals. The Society could only thank Dr. Hinde for 
his able descriptions. It was satisfactory to have so difficult a 
group cleared up in such a manner, and interesting to find that 
even in these very old rocks there were no forms intermediate 
between corals and sponges, though the corals might be less dif- 
ferentiated than those of later periods. 

Mr. E. T. Newron paid a tribute to the readiness Dr. Hinde had 
shown in affording assistance in deciphering certain Durness fossils. 
One of the most obscure of these, which had somewhat the appear- 
ance of a Ventriculite, had been determined by Dr. Hinde to be a 
siliceous’ sponge, but he wished to know if the Author had seen 
spicules in the Scotch specimens. 

The Autor had not found spicules in the Scotch specimens 
themselves ; but they occurred in the same rock. He thanked the 
meeting for the way they had received his paper. 
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9. Triconocrinus, a new Grnus of CrinorpEa, from the ‘“* WEISSER 
Jura” of Bavaria; with the Description of a NEW SPECIES, 
T. trratus.—ApprEnDIx. Suppren Deviations from Norman 
Symmetry 7m Neocrinoipea. By F. A. Batuzr, Ksq., B.A., 
F.G.S., of the British Museum (Natural History). (Read 
December 19, 1888.) 


[Prats VI. | 
Locatiry AND Horizon. 


Tue National Collection contains a large amount of material from the 
White Jura of Wiirtemberg and Bavaria. The exact horizon and 
locality of the specimens is often doubtful. Several hundred calyces of 
Hugenacrinus, chiefly L. caryophyllatus, together with some thousand 
stem-fragments of the same genus, are said to come from Streitberg, 
which is a locality for Upper Oxfordian fossils in the district of Ober 
Franken. In sorting this abundant material the two specimens 
that I now propose to describe were found. The remains in question 
consist of calcspar tinged a dirty yellow; they appear to have been 
washed out of a yellowish marly matrix. They probably occurred 
in the same bed as the Hugeniacrini; and, after a comparison with 
fossils in continental museums, I am inclined to refer them to the 
“ Weisser Juraa.” It is greatly to be regretted that no more certain 
evidence is available. 


DESCRIPTION OF THE SPECIMENS. 


Imagine an amphora of triangular section, with an “ear” at 
each corner in the shape of a spine, the mouth fairly broad, the 
bottom broken off, and the whole only 4 mm. high. Such gives a 
fair idea of these singular fossils. It will be convenient to distin- 
guish the two specimens as A and B. 

Specimen A is the more perfect of the two, especially at the lower 
or aboral end. 

There is no trace of a Stem in the specimen, nor are there obvious 
signs of a sutural surface on the aboral ends of the basals; the 
large size, however, of the aperture at the base of the calycal cavity 
(Pl. VI. fig. 4), though it need not have corresponded to a large 
axial canal, seems to prove the presence of at least some stem in 
the living animal. 

The Basals are four in number and are of three sizes. The 
largest 1s but very little stouter than the two next it in size; the 
second and third are equal to one another, and lie one on each side 
of the largest; the fourth, or smallest, is extremely minute and 
cannot be distinguished by the naked eye. These basals are 
anchylosed into a solid ring, which, looked at from below (Pl. VI. 
fig. 4), forms an almost equilateral triangle; the largest basal lies 
at the apex, the second and third basals at the other angles, while 
the smallest basal lies between the second and third in the middle 
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of the base-line. The presence of this small basal makes the base 
of the triangle very slightly longer than the two other sides, but 
does not otherwise affect the regularity of the figure; in fact this 
smallest basal is quite invisible when the calyx is viewed directly 
from below. The sides of this triangle are not straight, but sinuous, 
with a depression on either side of a median swelling. The 
large basal aperture of the calycal cavity forms a circle inscribed 
within the triangle. The diameter of this circle is about 1 mm.; 
the thickness of the basal triangle at the middle of each side is 
about ‘2 mm.; the thickness of the basal triangle at the angles is 
about ‘mm. Lach of the three larger basals therefore, as seen 
from below, forms a triangle with concave base, and sides concave 
in the lower third, convex in the upper two thirds. As seen from 
the side (Pl. VI. fig. 7) the largest basal is of irregular hexagonal 
outline, and is bisected by a ridge running vertically between its 
extreme adoral and aboral angles: the aboral angle is obtuse, the 
adoral angle is very little less than a right angle; the sides contain- 
ing these two angles are of nearly equal length, and are clearly 
defined by the basi-radial sutures above, and by the free aboral 
margin of the basal below: the two other sides of the hexagon, 
representing interbasal sutures now invisible, are relatively short, 
about °25 mm. ‘The two basals next in size, as seen from the side, 
are pentagonal (Pl. VI. fig. 7); they differ from the largest basal 
in the less-marked character of the vertical median ridge, and in 
the absence of an aboral angle: each joins on to the largest basal 
by one side, while by the other sides they join one another: the 
sutures have disappeared, but their former position is indicated by 
three slight depressions on the edge between the aboral and lateral 
surfaces of the basal ring. The smallest basal (Pl. VI. figs. 2 & 7) 
is amere tubercle lying between the second and third basals, and 
forming at this point a minute adoral angle, which resembles, 
in everything except size, the adoral angles of the other basals. 
The outer lateral surface of these basals is ornamented with minute 
granules, irregularly arranged. 

The Radials are fourin number and are of two sizes. They rest 
between the adoral angles of the four basals, and their lower ends 
are gently curved. The two radials on either side of the largest 
basal (PJ. VI. fig. 1) are broader than the other two and in a 
horizontal section through the calyx, about halfway up, would form 
two sides of a roughly triangular figure. That on the right is very 
slightly broader than the other. The two other radials, which lie 
on either side of the smallest basal (Pl. VI. fig. 2), are little more 
than half the breadth of the larger radials; they lie in one plane, 
and would form, in section, a base to the triangular figure slightly 
longer than either of the two sides. The suture between these 
two smaller radials is obscured by anchylosis. Each of the radials is 
rounded from side to side, so that the sutures lie in grooves, 
which are of varying depth. The interradial groove into which 
the adoral angle of the largest basal projects is by far the most 
marked. The opposite groove, that, namely, into which the 
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smallest basal projects, is, oddly enough, the next in depth; but 
the suture-line cannot be seen lying in it. The groove to the right 
of that last mentioned is very little less marked, but that to the left 
is a very faint depression; in both these grooves, however, the 
sutures are quite clearly seen. One of the two large radials was 
described above as slightly broader than the other; this radial lies 
between the deepest groove and the shallowest groove. ach of the 
two large radials has an extremely faint median longitudinal de- 
pression ; and in the larger of the two this depression is bounded 
on either side by an equally faint elevation. 

Ornament on Radials (Pl. VI. figs. 1, 2, 6).—On the surface of 
each radial the naked eye can just perceive a series of fine lines ; 
these run across the radial from groove to groove, and are bent 
down in the middle in an aboral direction, so that each is parallel to 
the curved lower end of the radial; as seen with unaided vision or 
under a weak lens, this gives the radial an imbricated appearance. 
Seen under a higher power the apparent imbrication vanishes, the 
lines are not so regular, and have a tendency to run in sets, the 
lines in each set occasionally anastomosing; it was this arrangement 
in sets that looked like imbrication to the naked eye. A still 
higher power shows that the lines are produced by the concurrence 
of minute granules similar to those observed on the basals (Pl. VI. 
fig. 6); the arrangement is not unlike the curved lines produced in 
iron filings by the approach of a magnet. The great resemblance 
of this ornamentation to the lines of growth in many species of 
Serpula, notably S. vertcbralis and S. tetragona, the contemporaries 
of our crinoid, combined with other points of superficial resemblance 
to the fragments of those fossils, is very deceptive ; but whereas the 
ornament of Serpula is a true imbrication, and is increased by 
weathering, the lines on this crinoid are merely superficial and are 
destroyed by attrition. 

The Spines of the Radials—Each of the radials is prolonged at 
its right upper corner into a process; in the present specimen only 
one of these is completely preserved, that, namely, belonging to the 
right of the two smaller radials (Pl. VI. fig. 2). The section of 
this process is an acute-angled isosceles triangle, with the base of 
the triangle facing inwards (Pl. VI. fig. 3). The process tapers to 
apoint. Its length is, from the point whence it springs on the 
suture-line to its extremity, 2°5 mm.; and from the upper surface of 
the radial to its extremity, 1-6 mm. Each of the two larger radials 
possessed a similar process; but that of one is broken off halfway 
up, while that of the other is broken off at its base. The left of 
the two smaller radials possessed only a very small process in the 
same position, which is just visible to the naked eye (Pl. VI. fig. 2). 
Similarly each of the radials is prolonged at its left upper corner 
into a process. The relative size of this process, as compared with 
the apposed right-hand process of the next radial on the left, is 
variable ; it appears usually to have been shorter. In the case of 
the left-hand larger radial, this process is connected with the process 
of the right-hand smaller radial mentioned above as being the only 
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one completely preserved (PIVI. fig. 1): the two together form 
one spine, to which, however, the process now under consideration 
contributes but a small portion. In the case of the right-hand 
larger radial, the process is connected with the process of the left- 
hand larger radial mentioned above as being broken off halfway 
(Pl. VI. fig. 1): in this instance the two processes appear to have 
been of almost the same size; this is consistent with the greater 
size in other respects of the right-hand larger radial. In the case 
of the left-hand smaller radial the spine of which it formed part is 
broken right off (Pl. VI. fig. 2); but, to judge from the suture, 
this process must have formed nearly half the spine, in thickness if 
not in length. In the case of the right of the two smaller radials 
this process is minute (Pl. VI. fig. 2), and it combines with the 
equally minute process of its neighbour to form a tiny ridge, which 
runs at right angles to the circumference up to the rim round the: 
calycal cavity now to be described. 

Between their respective processes the radials gently bend in- 
wards and upwards towards the Calycal Cavity. The ventral aper- 
ture of this cavity is circular (Pl. VI. fig. 3); it is rather less 
than 1 mm. in diameter, and therefore smaller than the basal aper- 
ture. It is bounded by a slightly elevated rim, which connects the 
left process with the right process of each radial. There are no 
remains of arms, and I can distinguish no regular markings on the 
inbent surfaces of the radials between the spines, and no openings. 
for canals (cf. Pl. VI. fig. 5). 

Specomen B.—This resembles A in every essential character; I 
shall therefore merely indicate the points of difference. The Basals 
have been destroyed, but traces are left of that which in A was de- 
scribed as the largest basal. The basals appear to have passed up- 
for a short distance on the inner side of the radials, so that the 
Radials rested in a groove on the upper surface of the basals. The 
union between the basal ring and the radials, in harmony with the 
tendency to anchylosis shown throughout the calyx, was apparently 
close; hence this specimen shows no clear articular or sutural sur- 
face at the aboral end of the radials. The Interradial Sutures are 
not so clear as in A, but the grooves show their former position ; 
the groove between the two smaller radials is, however, not nearly 
so evident as in A. The left of the two smaller radials has, at. 
three quarters of its height, on the left side, a relatively large pro- 
tuberance; this has deflected the process in the left upper corner 
towards the left, and it therefore constitutes a larger portion of the 
spine at this angle than is usually the case: the right upper process: 
of the next radial on the left is correspondingly atrophied. The 
Ornament of the radials is well preserved, and its essentially gra- 
nular nature is more obvious than in A (Pl. VI. fig. 6). The 
three larger Spines are fairly well preserved, but the end of each is. 
broken (Pl. VI. fig. 5); the small spine is a fine, well-marked 
ridge. The region of each radial lying between its processes is not 
bent inwards at quite so sharp an angle as in A; here, too, I can 
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find but the minutest trace of muscle-attachment, no true articular 
surface, and no canal-aperture (Pl. VI. fig. 5). 

In the above accidental characters alone does this specimen differ 
from the former. There can be no doubt that the two belong to 
the same genus and to the same species. 


VALIDITY OF THE GENUS. 


It is hardly necessary to point out that the existence of two indi- 
viduals, and those so nearly alike, almost entirely quashes the 
supposition that we have to deal with a mere abnormality. And it 
is in any case difficult to see of what known form this could be an 
abnormal variety. In all our collection there is nothing else 
like it; in existing crinoid literature I am unacquainted with any- 
thing of similar nature*. My ignorance, it is true, would prove 
little were it not shared by our greatest authority on the Crinoidea, 
Dr. P. H. Carpenter. Further, I have recently worked through 
every crinoidal fragment in the Museums of Strassburg, Freiburg 1/B., 
Stuttgart, Tubingen, Donaueschingen, Schaffhausen, and Basle, also 
in the private collections of Herr E. Koch (Stuttgart), Dr. Schalch 
(Schaffhausen), Mons. E. Greppin (Basle), Mons. V. Gilliéron (Basle), 
also in the collection Cartier (Basle Museum), and the collection 
Greppin, péere (Strassburg Museum) ; in all these there is not a single 
specimen of the same or of similar nature. Perhaps I may be allowed 
this opportunity of expressing to these gentlemen, and to those con- 
nected with the above-mentioned public institutions, my most 
hearty thanks for the kindness they, without exception, showed to 
me, and for the facilities that all afforded mein my work. 

We must therefore conclude that this unique form is swe generis ; 
but, before giving a diagnosis, it will be advisable to compare it 
with other crinoids. 


SysTEMATIC PosrtTIon. 


The general resemblance of this new genus to some Eugeniacrinidee 
is obvious, although it by no means presents the characters of that 
family as defined by Prof. K. v. Zittelf and by Mons. P. de Loriolz. 
The latter writes :—‘“ The crinoids constituting this family are com- 
posed of a calyx supported by a stem that is fixed by a root to sub- 


* KH. F. von Schlotheim, in ‘Nachtrage zur Petrefacten- 
kunde,’ 2 Abth. (Gotha, 1823), p. 102, mentions a Hugeniacrinid 
‘calyx of somewhat altered form, which occurs, though very 
rarely, in the neighbourhood of Amberg.” ‘This is figured in 
the Atlas ‘ Versteinerungen aus v. Schl.’s Sammlung,’ pl. xxviii. 
fig. 6 g, and a facsimile is annexed. Itappears to have had 4 R, 
with three large spines and one smaller one. In other points 
it is not like our specimens; but, as it probably came from the ‘“‘ Brauner Jura,” 
it may be a transition form, as in fig. 2, IIT, p. 165. 

t Handbuch der Palaontologie, Palaozool. I. i. p. 884 (Minchen, 1880). 

t Paléont. Frangaise; Invertébrés; Terrain Jurassique, xi. lére partie, Cri- 
noides, pp. 74-5 (Paris, 1882). 
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marine bodies. The calyx is formed of radials alone, without basals. 
The first radials, which may vary in number, are closely united to one 
another, and enclose the true calycal cavity. Their united base is 
truncate or depressed for the articular facet of the stem ; they may also, 
but more rarely, rest on a well-characterized ‘article basal.’ Their 
upper face bears a well-developed articular surface, on which is 
articulated a second radial, surmounted by a third axillary radial, 
‘The arms are scarcely known. One species only * shows them to 
the number of ten, not branched, rolled up, and composed of a 
single series of thick joints. The stem-joints are usually long, and 
were probably few in number; their articular facets bear ridges or 
irregular crenellations. There are no cirri. The root is a little cal- 
careous mass or a flattened incrustation.” De Loriol includes in 
this family the genera Hugenwacrinus, Phyllocrinus, Hudesicrinus, 
and Tetracrinus. On the grounds of general resemblance in the 
disposition of the radials, of the entire absence of the radial pro- 
cesses so characteristic of most, though not all Eugeniacrinide, and 
of the single-jointed stem, Hudesicrinus must be referred to the 
Holopide. Dr. P. H. Carpenter, who has already made this cor- 
rectiony, believes that the peculiar support consists of basals fused 
to one another and to a single stem-joint below. In this I follow 
Carpenter in preference to de Loriol. Carpenter, however, also 
believes that the ‘article basal,’ usually known asthe top stem- 
joint, of Kugeniacrinide represents fused basalst. If this were 
true, the distinction between the two families Holopide and Ku- 
geniacrinide would seem confined to the difference in number of 
stem-joints ; while, on the other hand, the Hugeniacrinide would be 
very closely allied to Rhzzocrinus and the Bourgueticrinide. On 
this point, however, I am at present unable to agree with Dr. Car- 
penter. It will be necessary to recur to this question; meanwhile 
T adopt the explanation of Beyrich and Zittel, that the basals have 
been included and absorbed by the radials. 

From the Eugeniacrinide, as thus conceived and limited, the 
form with which we have now to deal, differs in the following cha- 
racters :—First, in the presence of what I have called a “ basal 
ring,” which I believe to represent fused basals; secondly, in the 
absence or extremely slight development of an articular surface for 
a second radial; and I think we may add as thirdly, that it differs 
in the number and arrangement of its radials. It is true that 
Hugeniacrinus and, possibly, Phyllocrinus have occasionally only 
four radials, and that Tetracrinus has that number as a rule. The 
common opinion is that such a variation is rather common in 
Eugeniacrinus; absolutely, this may be true; but, having regard to 
the enormous number of specimens, I believe that the relative 


* Hugeniacr. nutans, Goldf. (vide Zittel, loc. cit. fig. 273 h).—F. A. B. 

t Report ‘Challenger’ Zoology, vol. xi. part xxxii. Crinoidea: I. Stalked 
Crinoids, p. 216 (London, 1884). 

t ‘On the supposed absence of Basals in the Eugeniacrinide and in certain 
a Neocrinoids.’ Ann. & Mag. Nat. Hist. 5th ser. xi. pp. 327-334 (May 
1883). 
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mumber of four-rayed individuals is extremely small. Although 
such a specimen would assuredly be preserved by every one that 
noticed it, yet there is among the many hundred calyces of Hugenia- 
crinus at the British Museum only one such form, and in all the 
collections 1 examined on the continent I succeeded in finding two 
at most; one of these is a Hug. nutans, at Tubingen, and is figured 
in Quenstedt’s Atlas to the ‘ Petrefactenkunde Deutschlands,’ Taf. ev. 
figs. 179-181; the other is a Hug. caryophyllatus, at Stuttgart. 
Rosinus figures a four-rayed Hug. caryophyllatus under the name 
‘Corpus stellare tetragonum et tetractinobolon”*. A. Goldfuss 
figures a four-rayed Hug. caryophyllatus and Hug. nutanst ; other 
writers, such as L. Agassiz t, have alluded to the fact; but the fore- 
going are all the instances I can find. Further, in those abnormal 
forms and in Tetracrinus the radials are quite regular and equal in 
size; but in the present genus two of the radials are much smaller 
than the other two, and show a very strong tendency to fusion ; 
this is accompanied by a corresponding atrophy of the basal in their 
interradius, and of the processes that would otherwise have formed 
aspine. Consequently, to apply the language of Rosinus, we have 
a body that is morphologically “ tetractinobolon,” but actually “ tri- 
gonum.” This character, strongly emphasized by the three spines 
and the three basals, causes me to suggest for the genus the name 
Trigonocrinus. 

lt is unnecessary to point out that Trigonocrinus cannot be a 
species, or even a Close ally, of Tetracrinus, tor the latter genus has 
no radial processes. ‘The peculiar character of the processes in T’ri- 
gonocrinus, forming what I have called the “spines,” allies this 
genus more closely to Phyllocrinus than to any other Eugeniacrinid. 
In Phyllocrinus the processes of two contiguous radials unite to 
form a sort of ‘“ petal,” whence the generic name. The five petals, 
the “ foltoles interradiaux” of de Loriol, are triangular in section, but 
the apex of the triangle is directed inwards, and not outwards as in 
our specimens of Trigonocrmmus. In most Hugeniacrint the con- 
joined processes are shaped like spear-heads (fer-de-lance), they are 
more developed and attain a greater length in Phyllocrinus; this is, 
indeed, the main difference between the two genera. Their rela- 
tively elongate character in Trigonocrinus is the main point of re- 
semblance between this genus and Phyllocrinus (Pl. VI. fig. 12). 

The notch (échancrure radiale) between each pair of petals which 
bears the articular facet for the second radial is in Phyllocrinus 
extremely narrow, while the facet occupies the whole thickness of 
the first radial, and is not so deeply sculptured asin Hug. caryo- 
phyllatus (see Pl. VI. fig. 13), The arms in Phyllocrinus must have 
been very thin, and de Loriol hazards the conjecture that they did not 


* M. R. Rosinus, ‘ Tentaminis de Lithozois . . . Prodromus, sive de Stellis 
Marinis,’ &c. tab. iii, Classis B, No. 83 (Hamburg, 1719). 

+ See Appendix, p. 167. 

{ “‘Prodrome d'une Monographie des Radiaires ou Hchinodermes.” Mém. 
Soc. Sci. Nat. Neuchatel, i. (1835), PP. 168-199 (1836): on pp. 195-6, sub Huge- 
miacrinus, and footnote (1). 
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branch, and that they were attached directly to the first radials ; this, 
he admits, would be abnormal. That arms were actually present, 
though doubtless minute, is proved by the aperture of a canal in the 
middle of the articular facet of the first radial. Besides this, the 
depressions for the attachment of the various muscles and the 
articular ridge are quite evident. In Trigonocrinus, however, the 
process of degeneration of the arms has advanced so far that not only 
are the muscular attachments all but invisible, but the canal has no 
longer any opening, or, at least, none that can be distinguished. 
with astrong lens (Pl. VI. fig.5). Correlated with this is the slightly 
different shape of the petals, or rather spines, which no longer present. 
a flat surface against which the second and third radials might fit, 
as they do in Phyllocrinus and Hug. caryophyllatus. Whether any 
rudiments of arms were still present in the living animal, we cannot 
say; from the evidence as yet before us, it does not, however, seem 
likely that such rudiments can have been more than fleshy processes. 

Another point of distinction is the small, round, ventral aperture 
of the calycal cavity with its enclosing rim. In this there are no 
traces of radial furrows, and it is altogether very unlike the broad, 
shallow basin of most other Eugeniacrinide ; but some of the later 
Oxfordian species of Phyllocrinus show a gradual deepening and 
narrowing of the calycal cavity, and in them the radial furrows are 
rather fainter than usual—e.g. P. fenestratus, Dumortier, and still 
more P, granulatus, d@ Orb. (Pl. VI. fig. 15). Itis noticeable also that 
the latter species is distinguished by an ornamentation of granules, 
which are not unlike those of the present species of Trigonocrinus 
(Pl. VI. fig. 14). The rim round the calycal cavity, like the thickened 
mouth of a bottle, represents, of course, the raised wall on the inner ~ 
side of each radial facet; it is the last relic of articulation. 

The last and most important character in which Trigonocrinus 
differs from other Eugeniacrinide is the mode of union between stem 
and radials. In Hug. caryophyllatus the radials are prolonged 
downwards, 2. ¢. dorsalwards, far from the calycal cavity ; they often 
narrow to a stalk, supporting the broad and flat ventral portion of the 
calyx ; a clove-like appearance is thus produced, whence the specific 
name. In Lug. aberrans this downward extension of the radials is 
extraordinarily marked *. In both these species the radials are 
often fused, and their aboral ends are cut off quite straight. The 
flat surface thus formed is far removed from the calycal cavity, and 
it is pierced only by a small axial canal. It is a sutural surface, 
and marked, like the corresponding upper surface of the top stem- 
joint, by pustules that have a tendency to run into strize (Pl. VI. 
fig. 10). In Hug. nutans this sutural surface is slightly concave, 
while the upper surface of the top stem-joint is convex in proportion. 
In Lug. Mussoni the concavity and corresponding convexity are some- 
what greater. In all typical species of Phyllocrinus this concavity 
has become a deep, narrow, circular-_hole ; into this was inserted either 
the whole of the top stem-joint, or a cylindrical prolongation from it, 


* De Loriol, ‘ Pal. Franc.’ loc. cit. pl. xv. figs. 4-6. 
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as in Eudesicrinus*. Specimen A shows at its aboral end a similar, 
deep, narrow, circular cavity. We might suppose that the joint of 
the stem succeeding this was partially excavated for the reception of 
a portion of the chambered organ ; but a comparison with the more 
closely allied forms of Eugeniacrinide suggests rather that the 
upper part of the top stem-joint was inserted in this cavity. What- 
ever was the mode of union, there are now no traces of a ridged sutural 
surface. So far ZTrigonocrinus approaches Phyllocrinus; but from 
all the Eugeniacrinidee it appears to differ in the presence of a basal 
ring. De Loriol says of the Kugeniacrinide that there are no 
basals; the radials, he says, repose directly on an “ article basal.” 
This ‘article basal” is, according to him, the top stem-joint ; in 
some species it may possibly have received a small portion of the 
chambered organ—e. g. Hug. nutans, Goldfuss, Tetracr. moniliformis, 
Minster, and Hug. mayalis, Moricre. This, however, is very doubt- 
ful, and it is certain that in Hug. caryophyllatus, Schloth., Hug. Du- 
mortiert, de L., Hug. Moussoni, Desor, Hug. crenulatus, d’Orb., Hug. 
aberrans, de L., and in most if not in all of the Phyllocrini, the 
chambered organ was situated within the radial circlet far above 
the “article basal.” The idea that basals are entirely unrepre- 
sented is, however, quite opposed to our present knowledge of 
erinoid morphology. ‘The question to be answered therefore is :— 
Where are the basals in Kugeniacrinide ? 

Dr. Carpenter supposes that the “ article basal ” consists of anchy- 
josed basalst. His arguments are (1) analogy with Rhizocrinus and 
Bathycrinus, (2) doubtful homology with Hudesicrinus and Holopus, 
(3) interradial ridges on upper surface of ‘“ article basal” in Hugenia- 
crinus and Tetracrinus, (4) arrangement of internal canals. I shall 
consider these in order. 

(1) This argument is only of value as showing how forms once 
supposed to be without basals have been proved to possess them. 
J. S. Miller likewise supposed that the “ article basal ” in Hugenia- 
crinus represented basals. He, however, imagined that he had 
before him young individuals, ‘‘in which an insufficient calcareous 
secretion has not as yet distinctly separated the plates, they might 
very possibly assume the regular character of the genus Encrinites 
ina more advanced stage of their growth” {. Dr. Carpenter’s hypo- 
thesis is the converse of Miller’s. To prove Miller right, we should 
require older specimens in which the sutures were becoming evident. 
Carpenter, on the other hand, could prove his case by producing 
young specimens in which the sutures had not yet been obscured. 
No such specimens, old or young, have yet been found. 

(2) The top part of the support in Hudesicrinus does, it is true, 


* De Loriol, ‘ Pal. Franc.’ loc. cit. p. 161. 

tT P. H. Carpenter, “ On the Supposed Absence of Basals,” &c., loc. cit. p- 829 ; 
and Report ‘Challenger’ Crinoidea, I. Stalked Crinoids, p. 227. 

t ‘ Natural History of the Crinoidea,’ Bristol, 1820, p. 113. In young Encrinus 
gracilis the sutures between the basals are invisible; vide H. Beyrich, ‘‘ Ueberdie 
Crinoideén des Muschelkalks,” Abh. d. k. Akad. d. Wiss. Berlin, Phys.-Kl. No. 1, 
pp. 1-49, pls.i. & 1. 
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probably consist of fused basals: but it wholly differs in appearance: 
and position from the “article basal” of Hug. caryophyllatus, and 
probably of all Hugeniacrinide; nor could it in any case be used as 
a strong argument by Carpenter, since he himself has assigned that 
genus to a different family. 

(3) Ridges are well known to be occasionally present on the upper 
surface of the “article basal” in such individuals as have the inter- 
radial sutures well marked. One is not tempted to ascribe to these 
ridges any morphological significance, seeing that their intensity is 
obviously connected with the depth of the suture-groove, and that: 
similar ridges occur on the top stem-joint of Apiocrinide. But, says 
Dr. Carpenter, “in Tetracrinus and Eugeniacrinus the ridges are 
interradial.” Itis hard tosee how they could be otherwise: and for 
the matter of that, it often happens in Apiocrinus elegans, Defr., non 
d’Orb. (=A. Parkinsoni, Schl.), that the top stem-joint has under- 
gone interradial fission, in which case the joint below it shows inter- 
radial ridges *, 

(4) Dr. Carpenter says 7, “the so-called uppermost stem-joint of 
Hugeniacrinide..... is pierced by five interradial canals, each of 
which forks just below the synostosis of this piece with the radials 
above. In Enerinus, Apiocrinus, Millericrinus, Pentacrinus, Meta- 
crinus, &¢c., and in the larval Comatule, each of the basals is perfor- 
ated by one of these bifurcating interradial canals; and no Crinoid 
is known with these canals situated anywhere else but in the basals, 
They lodge the five primary cords which proceed outwards from the 
chambered organ towards the circular commissure contained within 
the radial pentagon.” This is very solid argument, and the major 
premiss will be accepted by everybody ; all depends on the minor. Is 
Dr. Carpenter’s description of the structure in Zugeniacrinus correct ? 
He instances no authority, brings forward no evidence, and gives 
hardly any details. 

With this it is interesting to compare the explicit account of Prof 
K. v. Zittelt, based on evidence similar to that previously published 
by Prof. E. Beyrich §. Dr. Carpenter alludes to Beyrich’s view ||; but: 
I cannot find that he has anywhere seriously discussed it, or examined 
the evidence. Von Zittel’s account is as follows:—‘‘ The central 
canal of the stem enters the massive calyx composed of the anchy- 
losed radials ; it gradually broadens upward, and at a short dis- 
tance gives off 5 interradial canals. These run under the floor 
of the visceral cavity and very soon bifurcate. The branches 
enter the radials, unite there, each with the converging branch of an 
adjacent basal canal; they then proceed, close to one another, 


* See also J. S. Miller, ‘ Nat. Hist. Crin.’ p. 32, line 9 e7 seg. pl. vii. figs. 1-6 
and 8-10. 

t Absence of Basals, &c., loc. cit. p. 329. 

{ Handb. d. Palaont. p. 385. 

§ Zeitschr. deutsch. geol. Ges. xxi. p. 835 (Berlin, 1869), Protokoll d. Sitzung, 
15 September: “ Herr Beyrich legte Praparate von Hugeniacrinuskelchen vor,. 
u. 8. W.” 

|| Absence of Basals, &c., loc. cit. p. 327. 
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through the middle of the radial towards the upper articular surface. 
At the point where the branches unite is a ring-canal, which joins 
together all the radial canals. The course of these canals proves 
that basals were originally present, perhaps even in the young stages, 
and that their atrophied remains are perhaps still enclosed within 
the adoral (oberen) portion of the radials.” It will be noticed that 
vy. Zittel and Beyrich rely on the same major premiss as Carpenter. 
Seeing that Carpenter had omitted to notice v. Zittel’s argument, I 
feared that the minor premiss might have broken down, and that 
the arrangement of the canals was not as above described. But 
Professor von Zittel has been kind enough to inform me that his 
account was based on an examination of silicified and weathered 
specimens, in which the canals were clearly preserved, and of a series 
of thin transverse sections ; he is perfectly certain that his account 
is correct, the more so in that it had been verified by Prof. Beyrich. 
The same arrangement of canals obtains in Phyllocrinus * ; here 
too, then, the basals are represented in the calyx. It is true that 
no Eugeniacrinid has hitherto been found that shows clear traces 
of separate basals t, but this does not turn v. Zittel’s position. Dr. 
Carpenter tells me that he has never seen the specimens, but still 
considers the structure as described by v. Zittel to be anomalous. 
With all deference to Dr. Carpenter, I submit that, till disproved, 
we are bound to accept the evidence of v. Zittel and Beyrich, even 
though the facts may clash with our own ideas of what is proper for 
a crinoid. 

I therefore maintain that in previously known Eugeniacrinide 
the “article basal” is a top stem-joint ¢, and that the basals are 
represented on the inner side of the radials; and I infer that the 
top stem-joint is absent from our specimens of Trigonocrinus, and 
that the “ basal ring” does represent fused basals. It may further 
be observed, in support of this conclusion, that this basal ring is totally 
unlike the solid top stem-joints of other forms, that it is closely 
attached to the radials, and that, in accordance with v. Zittel’s explan- 
ation, it partly projects within them. 

Accepting y. Zittel’s argument, we shall by no means consider it 
odd to find a genus of the Eugeniacrinide displaying basals. What 
is odd is that these basals should be manifested in a primitive posi- 
tion by a genus that in all other respects seems nearer to the end of 
the series, and therefore further away from the primitive basal- 
bearing form—a genus, too, in which not only anchylosis, but actual 
atrophy of calycal elements has proceeded to a far greater extent 
than in any other crinoid, except Gymmnocrinus Moeschi, de Loriol. 


* VY. Zittel, ‘Handb. d. Palaont.’ p. 386. 

Tt One might refer to H. F. von Schlotheim, ‘ Nachtrage zur Petrefactenkunde,’ 
2 Abth. p. 102 (Gotha, 1823), and Atlas, Versteinerungen, &c., pl. xxviii. f. 6. b, 
von der Seite, c, von oben, und d, von unten, eines abweichendes Kronenkopfs. 
Apparently Hug. Moussoni; 6 d shows an inner circlet of 5 plates, of which the 
radial position is possibly due to an artist’s error. 

t*Icannot help thinking that the name ‘article basal’ is an unfortunate 
one, as being calculated to mislead.”—P. H. Carpenter, ‘ Absence of Basals,’ &c.,. 
loc. cit. pp. 331-2. It certainly has nothing to do with basals. 
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It may, however, be explained on this very principle. In other 
Eugeniacrinide, notably in £. caryophyllatus, which is the central 
and most abundant species of this family, the body lay in a shallow 
basin on the summit of the first radials, and was protected by the 
overarching second and axillary radials. In the Phyllocrini this 
relation of the soft parts was maintained, but the protection afforded 
by the 2nd and 3rd radials was obviously less ; there was accordingly 
a tendency to a deepening of the calycal cavity. In Trigonocrinus 
the protection afforded by the free radials, if indeed they existed, 
must have been inappreciable; accordingly we find the calycal 
cavity sunk right down into the first radials, which are relatively 
elongated and bent in above. Since this was of itself a return to 
primitive conditions, we are at liberty to regard the reappearance 
of basals as a case of correlated reversion. But the very specialized 
character of the calyx, as a whole, renders this explanation rather 
unsatisfactory. Personally, I prefer to explain the change on 
Lamarckian principles: since the viscera sank down between the 
radials, a heavier burden, both literally and metaphorically, was 
thrown on the lower part of the calyx; the basals could once again 
be of service—consequently, instead of atrophying or becoming 
absorbed, they resumed their old function, and once again formed a 
structural element enclosing a part of the calycal cavity, as in 
Paleozoic crinoids, and supporting what is in normal crinoids the 
five-chambered organ, which here no doubt had only four chambers, 
and one of those minute. This explanation seems to me so much 
better than the former, that I cannot conceal my regret for the 
adverse criticism it would meet with from the school of biologists at 
present to the fore in England. Is it not, however, possible that 
both causes operated at the same time? 


GENERIC AND SpEciFIc D1IAGnosEs. 


Such, then, is my interpretation of the structure observed in this 
singular form; and in accordance with this the diagnoses are framed. 
Tt was necessary that the description of so anomalous a form should 
be full, otherwise there would have been a danger of missing out 
points that future knowledge may prove to be important. Interpre- 
tation was also necessary; for, even if it prove erroneous, it will 
ensure the correct understanding of the diagnoses. 


TRIGONOCRINUS, gen. nov. 


Calyx roughly triangular or trilobate in section. Basals four, 
but one so atrophied as to be almost invisible; all fused into a basal 
ring. Firstradials four; the two on either side of the smallest basal 
half the size of the others, thus maintaining the triangular symmetry ; 
all closely united, with each suture-line in a groove. Processes of 
radials well developed, forming spines homologous with the petals 
of Phyllocrinus (folioles interradiaux); except the adjacent pro- 
cesses of the smaller radials, which only form a minute ridge. 
Articular surface of radials curved gently inwards and upwards ; 
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muscular impressions indistinct or absent; no articular ridge; no 
canal-aperture. Arms unknown;? represented by fleshy append- 
ages. Calycal cavity contained in first radials; with small round 
ventral aperture, surrounded by a rim which is the only relic of a 
muscular attachment. Stem unknown. 

It is hard to see how the animal obtained its food; and this 
suggests that it was free-swimming, an idea countenanced by the 
ereat lightness and strength of the calyx. On the other hand, arms 
unfit for obtaining food must have been still more uufit for swim- 
ming. Further, to take to a free life is a progressive development, 
and analogy renders it unlikely that such a form should be the 
last of its race. This latter argument also prevents us from sup- 
posing that the animal was parasitic on some soft-bodied creature, 
to which mode of life its structure seems admirably adapted. 
We can only suppose that Z’rzgonocronus was a form degenerate, 
not owing to conditions or to any mode of natural selection, and not 
from any fault of its own, but in obedience to those laws, as yet 
half understood, that govern the life of a race no less than of an 
individual. 

Of this genus only one species is known. 


TRIGONOCRINUS LIRATUS, Sp. NOY. 


Calyx rather more elongate than in the known species of Phyllo- 
crinus ; basals ornamented with minute granules; radials ornamented 
with similar granules run into curved ridges, which, owing to their 
differing intensity, give an imbricated appearance ; spines triangular 
in section, with the base of the triangle directed inwards, the apex 
outwards, the angles often rounded. 

In deseribing a totally new genus from only two specimens, both 
of the same species, it is hard, if not impossible, to discriminate 
generic, specific, and merely varietal characters; but an examination 
of the species in other genera of Kugeniacrinide leads me to believe 
that the above characters are of specific value. 

I have referred this genus without hesitation to the Eugeniacri- 
nid ; at the same time it is clear that its adoption will necessitate 
a rewriting of the existing description of that family, even of that 
by Prof. v. Zittel. This, of course, does not mean that the family 
Eugeniacrinide is not a perfectly good one—it is merely one more 
instance of the great difficulty of defining any natural assemblage of 
living beings, so as to include all forms connected with it by direct 
‘blood-relationship. Should this paper instigate, as I hope it will, 
renewed research among the fossil-beds of Wtrtemberg and Bavaria, 
it is possible that more allied forms may be found. The task of re- 
definition is therefore better left over for the present, with the 
added hope that it may fall into more competent hands. 


Deviation FRomM A PentameEerovs Typr. 


It is impossible to leave this striking form without some remarks 
on its most remarkable character, namely, the complete loss of one 
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radius with its adjoining interradius, and the decrease in size of two 
radi and the interradius between them. 

Instances of deviation from regular penta-symmetry are not un- 
common among Echinodermata. The cause of such deviation may be 
one of many. Thus, the increased importance of the anal interradius 
in most Crinoidea from Paleozoic strata tends to hexa-symmetry ; 
the structure here is affected by function: Herbert Spencer* has 
compared the typical upright condition of the iso-pentamerous 
crinoid to that of an upright flower; surrounded on all sides by an 
equal medium, it retains its symmetry, but should the position on 
the stalk be altered, the radii differ in their growth, e.g. Hug. nutans, 
Hudesicrinus, Holopus: in the later and more differentiated among 
the Echinoidea a marked bilateral symmetry is superinduced on the 
ground-plan ; the advantage of this to a crawling animal is obvious. 

The methods through which organic forms undergo change have 
been variously classified, and the late Dr. Asa Gray distinguished 
as many aS 9+. The deviations from the central type of Crinoidea 
may be referred to one of three categories, which may, for brevity, 
be termed :—(i) Sport, (11) Hypertrophy or Atrophy, (111) Fusion 
or Fission. In the consideration of homologies it is important that 
these methods should be discriminated. 

(i) Under the term “Sport” I include the sudden addition or 
subtraction of a part, the latter being the more common. The 4- 
rayed specimens of Hugeniacrinus alluded to above, or the 6-rayed 
Eug. caryophyllatus, also figured by Rosinust, are parallelled by 
similar variations in all polymeric forms. The shortness of the list 
in the appendix, though I fear it is not an exhaustive one, shows 
the relative rarity of such cases in the later Crinoidea. Some of 
the examples prove that it is possible for a crinoid to grow to full 
stature and to enjoy life while devoid of one of its pentameres; but 
there is nothing to show that its peculiarity is inherited by its off- 
spring. There is, however, always the chance that, perhaps under 
changed conditions, a mere sport may be in earnest of use to the 
animal; it would thus be preserved and, possibly, perpetuated. 
Many sports, of which man at all events cannot see the advantage, 
have been truly transmitted, and the descendants thus modified 
have in many cases ousted the original form$. It is, as we have 
seen, a general belief that Hugeniacrinus shows a tendency to tetra- 
merism. Perhaps it does show a greater tendency than some genera, 
e.g. Pentacrinus. The odds in favour of such a sport becoming 
permanent are therefore greater, and Tetracrinus, in accordance 
with its perfect symmetry, is best explained in this manner; it is 
further to be noticed that the genus only contains one species, 
which had a very short geological life. 


* «Principles of Biology,’ issue of 1880, vol. ii. p. 178. 

t+ P. BH. Geddes, art. ‘‘ Morphology,” Enceyclop. Brit. ed. ix. vol. xvi. p. 844 
(Edinburgh, 1883). 

t Loe. cit. tab. iii. Classis B, No. l. 

§ For several instances, with references, see St. George Mivart, ‘On the © 
Genesis of Species,’ 2nd ed. chap. iv. pp. 112-117. London, 1871. 
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(ii) The method of “Atrophy” differs from the method of Sport 
in its gradual character, and in the number of stages passed through 
before the same result is reached as is attained at one stroke by the 
sport. And even then the resultant figure is not the same: atrophy 
of one part nearly always depends on the hypertrophy of another 
part; hence symmetry is destroyed. Thus in Hudesicrinus and 
Holopus one radial grows large and the others small, the calyx is 
erookedly set on the stem and is lop-sided* ; Hug. nutans is similarly 
affected ; in Torynocrinus canon, Seeley, the asymmetry amounts to 
distortion+ ; and in Gymnocrinus one ray seems to have usurped the 
place of all the others. Or atrophy may take place in two rays, 
thus changing the symmetry from pentagonal to trigonal, as in 
Baerocrinus. Dr, P. H. Carpenter, however, seems to consider this 
as a persistent sport, for he writes :—‘*‘ It is, perhaps, best regarded. 
as a permanent larval form, which has only developed three of its 
five arms.” In the allied genus Hybocrinus, however, we seem to 
see gradual atrophy of one arm; but of this, too, Dr. Carpenter 
writes :—‘‘ This may be, and probably is, one of the variations of 
growth to which this early and simple type is subject” + Anyhow 


Fig. 1.—Dwagrams of Hybocrinus and Baerocrinus. 


A. Calyx of a typical Hybocrinus dipentas, as seen in outline from above. 
B. A similar view of Bacrocrinus Ungernt. The two edges of every arm- 
bearing radial are joined by dotted lines. After Grewingk. 


there is plenty of room for a different opinion. Similar irregularity 
is seen in Pourtalesia among LKchinoidea, and in Pentephyllum 
among Blastoidea. It is further to be observed that, whereas a 
sport is usually confined to individuals, producing an unstable 


* For remarks on the bilateral symmetry thus induced, see C. Wyville Thom- 
son, ‘On the Structure and Relations of the genus Holopus,’ Proc. Roy. Soc. 
Edinburgh, vol. ix. pp. 405-410 (1877); on p. 408: and P. H. Carpenter, ‘‘ The 
Stalked Crinoids of the Caribbean Sea,” Bull. Mus. Comp. Zool. Harvard, 
x. no. 4, pp. 165-179 (Cambridge, U.S., 1882) ; on p. 178. 

t H. G. Seeley, ‘“‘ Notice of Zorynocrinus” &c., Ann. & Mag. Nat. Hist. ser. 3, 
xvil. pp. 173-4. Figured in Seeley’s ‘ Phillips, Manual of Geology, Part I. 
Phys. Geol. & Palzont. (London, 1885), p. 487, f. 100. 

{ P. H. Carpenter, ‘‘ On the Relations of Hybocrinus, Baerocrinus, and Hybo- 
cystites,” Quart. Journ. Geol. Soc. vol. xxxviil. pp. 298-312, pl. xi. (1882); see 
p. 304 and fig. 2, A,B. Ihere take the opportunity of expressing my thanks 
t> Dr. P. H. Carpenter for permission to use his figures, and for many other 
a ‘~ of kindness in connexion with the present paper. 
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variety, this method frequently results in a series of forms recog- 
nized as species and even as genera. 

(11) “‘ Fusion’ differs from the former methods in that no part is 
lost; the fundamental morphology of the calyx remains unchanged, 
and internal organs, such as the canals, bear witness to a former 
different state of things. Thus, in many Paleozoic crinoids the 
basals, typically five in number, become by concrescence 4, 3, 2, or 
even 1, while their relations to the rest of the calyx may be un- 
altered*. Compare also the fused basals of Bathycrinus and Rhizo- 
crinusy. Of gradual fission i know no instances, but it may take 
place for all that. In Marsupites testudinarius, vy. Schloth., the 
dorso-central is occasionally found divided into three or four irre- 
gular plates, and in Apiocrinus fission of the top stem-joint is not 
rare; but these variations are confined to individuals. Fission in 
a horizontal plane is, of course, common, but I am here referring to 
changes that take place parallel to the long axis of the crinoid. 

The interest of Zrigonocrinus in the present connexion lies in the 
fact that it is an example of all three methods of change. As such, 
it stands alone; and only by appreciating their distinctness can we 
understand how it has reached its present structure. Dr. P. H. 
Carpenter suggested to me a comparison with <Allagecrinus; the 
changes in that form are of remarkable interest, none ef which was 
lost by the authors of the genus?. A detailed comparison shows 
many curious points of resemblance between the two forms—z. gq. 
fused basals, separate radials, interradial sutures in grooves, atrophy 
of a radial with imperfect articular surface, absence of central canal 
in radials of young Allagecrinus (see Pl. VI. figs. 17,18). But, 
as the authors point out, the characters of Allagecrinus are those of 
an undeveloped rather than of a degenerate form ; further the deyia- 
tion from pentamerous symmetry is brought about by Atrophy 
alone. 

The evolution of Trzgonocrinus, on the other hand, appears to have 
been as follows :—Starting from a normal Crinoid (fig. 2, I, p. 165) 
with five basals, 1, 2, 3, 4, 5, and five first radials, a, b &, eae 
Sport effected the loss of one radial, 6, and its corresponding basal, 2. 
Thus arose the form in fig. 2, I, with four radials and four basals, 
One side of the calyx then increased at the expense of the other side ; 
basals 3 and 5 slightly diminished in size, while basal 4 atrophied 
to a considerable extent; radials a and ¢ remained large, while 
radials e and d atrophied: such a stage is represented in III]; no 
actual form of this composition is known, but it is closely parallelled 


* See Ch. Wachsmuti and F. Springer, ‘ Revision of the Palzocrinoidea,’ 
author's copy, part i. pp. 16-19, and Proc.Acad. Nat. Sci. Philad. vol. for 1879, 
part ili. pp. 240-242. Philadelphia, 1880. 

+t P. H. Carpenter, ‘Challenger’ Report. Zoology, vol. xi. part xxxii.... 
The Stalked Crinoids, see pp. 226-228 and 248-253. London, 1884. 

+t P. H. Carpenter and R. Etheridge, Jun., “Contributions to the Study of 
the British Paleozoic Crinoids. No. 1. On Allagecrinus, the representative of 
a new Family from the Carboniferous-Limestone series of Scotland.” Ann. & 
Mag. Nat. Hist. ser. 5, vol. vii. pp. 281-295, pls. xv. xvi. London, 1881. 
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by a 4-rayed Hug. nutans. The present species has reached a stage 
(IV) in which the basals are fused into a basal ring, and the 
atrophied radials, e and d, are usually, if not always, fused; basal 4 
has all but disappeared. One step more of Atrophy, and all trace 
of basal 4 and of the spine in that inter-radius would have vanished ; 
one step more of Fusion, and radials ¢ and d together would be, to 


Fig. 2.—Diagrams illustrating probable Evolution of Trigonocrinus. 


In each figure the corresponding basals are numbered I, 2, 3, 4, 5, respectively, 
and the corresponding radials lettered a, 0, c, d, e, respectively ; the numbers 
are arbitrary, as one cannot determine the true orientation of these fossils ; 
greater depth of shading indicates greater tendency to Hypertrophy, less 
depth to Atrophy:—I. Primitive iso-pentamerous type, cf. Hugeniacr. 
caryophyllatus. II. Loss of radial 6 and basal 2 by Sport, producing iso- 
tetramerous type, cf. Tetracrinus. II]. Hypertrophy of radials a, ¢ and 
basal 1. Atrophy of basal 4 and, to a less extent, of the remaining calycal 
elements. IV. Atrophy continued. Fusion in part of radials e, d, and 
complete of basals 1, 3,5. Trigonocrinus-stage. V. Complete Fusion of 
radials é, d, and final Atrophy of basal 4. Future stage. 


all appearance, the equivalent of either a or c. Such a form, of 
which V gives the scheme, would doubtless have been described as 
“a triradiate crinoid!”—assuming that it were recognized as a 
crinoid at all. 
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Pentamerous symmetry still dominates the Crinoidea. Rum- 
maging the records of the past, we do find 4-rayed genera—e. g. 
Tiaracrinus quadrifrons, Schultze, Tetramerocrinites formosus, 
Austin *, and Yetracrinus ; but in the long run every attempt at 
this and other compositions has failed. Nature, “so careful of the 
type,” has probably kept it true by a restraining selective action 
dependent on obvious mechanical principles. In the pentamerous 
calyx every line of weakness is met halfway by a solid plate: but 
whenever a hexamerous or tetramerous condition is attained, the 
lines of weakness pass right across the calyx; such forms are there- 
fore liable to destruction. Simple Fusion does not alter original 
form; so far as this goes, the tripartite base of many Paleozoic 
crinoids is still of pentamerous symmetry. Atrophy of the two 
larger basals and Hypertrophy of the smaller one are required to 
induce iso-trimerism ?. This once attained, the same opposition to 
lines of weakness is found, and structural equilibrium is maintained. 
The other classes of the Echinodermata, while similarly retaining 
penta-symmetry as the normal plan, do often produce 4-rayed and 
6-rayedforms. A few examples are quoted in the Appendix. Some 
writers have regarded these as due to reversion t. However that may 
be, we may well suppose that the conditions, mechanical or otherwise, 
which are now merely restraining, were once evolutionary in their 
action. The constant occurrence in the‘ Ur-Gruppe ”—Cystoidea—of 
tetramerous or hexamerous systems and, @ priorz, the simpler nature 
of such division, renders it quite possible that the Echinodermata were 
at first less definite in their plan of structure ; and that, of the many 
types which at first took the field in the struggle for existence, the 
pentamerous type was victorious ; finally, that this type has become 
fixed, and to it all Echinodermata subjected, through methods above 
described, controlled by natural selection §. 

Such a view would lend fresh interest to the stem-structure pre- 
valent in the Larviformia, W. and 8. Here, asa general rule, four, 
and not five, canals surround the central canal of the stem. True, this 
is not invariably connected with four radii in the calyx; at the same 


* Perhaps only a sport. T. and T, Austin, “ Description of several new 
Genera and Species of Crinoidea,’ Ann. & Mag. Nat. Hist. ser. 1, xi. pp. 195- 
207 (London, 1843); see p. 203. 

Tt See E. Beyrich, ‘‘ On the Base (Pelvis) of the Crinoidea Brachiata,” Ann. 
& Mag. Nat. Hist. ser. 4, vil. pp. 893-411, 1871. Translated by W. S. Dallas 
from Monatsber. d. k. preuss. Akad. d. Wiss. zu Berlin, part for Jan. 1871, 

. 33-55. 
ae Wilhelm Haacke,‘‘ Zur Morphologie der Seeigel-schale,” Zoologischer Anzei- 
ger, herausg. J. V. Carus, viii. Jahrg. pp. 490-493 (Leipzig, 1885) ; and “ Ueber 
die urspriinglichen Grundzahlen der Medusen und Echinodermen,” 207d. pp. 505- 
507 (1885). 

§ Some will no doubt regard the Holothurians with their soft bodies as fur- 
nishing a fatal objection to the above hypothesis. ‘This, however, can only be in 
so far as the explanation relies on mechanical principles. But the spicules and 
degenerate plates of the Holothurians may be evidence that they are descended 
from ancestors in which the typical skeleton was better developed ; they may stand 
in the same relation to the rest of the Echinoderms as the now naked Octopoda 
do to the shell-bearing Cephalopods.—Note added by Author, Jan. 15, 1889, 
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time this group does present some curious transitional types—e. g. 
Pisocrinus, Triacrinus, and (apud W. and 8.) Allagecrinus. Cu- 
pressocrinus is a form that endeavours at times to break with old 
traditions, and appears with a triradiate or quinqueradiate stem *, 
To turn to another point: Dr. Carpenter considers the processes of 
the radials in Antedon abyssicola to be of a larval character +; these 
processes are homologous with the petals, spearheads, or spines of 
Kugeniacrinide ; further they are exactly parallelled in many of the 
Larviformia, see drawing of Haplocrinus (Pl. VI. fig. 19). In the 
present state of our knowledge it would not be safe to connect the 
Eugeniacrinide more closely with these very ancient forms. It 
should, however, be remembered that the division between the so-called 
Paleocrinoidea and Neocrinoidea is caused very largely by the gap in 
the record at the close of the Paleozoic era; these two assemblages are 
admittedly heterogeneous, and cannot, on the face of things, represent 
divergent branches from an ancestral stock. A classification that 
shall adequately represent the true relations or, what comes to the 
same thing, the history of the Crinoidea, 1s yet to seek. When this 
has been found, the form described in the present paper will fall 
into its true place at the end of a long series ; and to our examples 
of the law that senescent and degenerate forms resemble the ado- 
lescent forms in the early history of the same race, will be added one 
more, viz. Trigonocrinus. 


APPENDIX. 


SuppEen Deviations From Norman SYMMETRY, CHIEFLY IN 
‘s NEOCRINOIDEA.” 


Besides the examples given in the body of the paper (p. 155), I 
have collected the following instances ; those for which no author is 
quoted are from my personal observations. 

Holopus Rangi, @Orb. Type specimen 4-rayed. A. d’Orbigny, 
in Guérin, ‘Magasin de Zoologie,’ Classe x. pl. iii. Paris, 1837. 
Coll. Jardin des Plantes. 

Eugeniacrinus caryophyllatus, v. Schloth. A 4-rayed calyx, seen 
from above. A. Goldfuss, ‘ Petrefacta Germanie,’ &c., Dusseldorf, 
1826-1833: p. 163, pl.l. f 37. Loc.? Coll. Bonn, Poppelsdort 
Museum. 

Eug. nutans, Goldf. A 4-rayed calyx. A. Goldfuss, op. cit. p. 164, 
pl.l.f.4,s. Loe.? Coll. Bonn. 

Tetracrinus moniliformis, Munst., reverts to pentamerous type. P. 
de Loriol, ‘‘ Monogr. Crinoides Foss. de la Suisse,” 3rd part, Abh. 
schweiz. pal. Ges. vi. Geneva, 1879: pl. xix. f. 39, 39a, 396. 
“ Article basal qui porte 5 cétes, ce qui indique 5 radiales.” Loe. 
Oberbuchsitten. Coll. Cartier, in Basle Museum. 


* L. Schultze, Monogr. Hchinod. Hifl. Kalkes, Denkschr. k. Acad. Wiss. math- 
nat. Classe, xxvi. pp. 113-230 (Wien, 1867) ; see pl. i. f. 26, 2e, 3d, and pl. iii. 
f. 21. 

t+ P. H. Carpenter, ‘ Challenger’ Report, Zoology, vol. xxvi. pait lx. The 
Comatulz. London, 1888; see p. 192. 
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T. moniliformis, drops another radius. PP. de Loriol, op. cit. 
pl. xix. f. 41, 41a. “Autre article basal a trois cétes, ce qui 
indique 3 radiales seulement.” Loc. Birnensdorf. Coll. Moesch, at 
Zurich. 

Rhizocrinus lofotensis, Sars. A six-rayed specimen. P. H. Car- 
penter, ‘ Challenger’ Report, Zoology, vol. xi. part xxxu.....‘The 
Stalked Crinoids.’ London, 1884: plate vii. f.6 & 7. On p. 38 he 
writes ‘“ Four and six rays are more common in Rhizocrinus [ sc. than 
in other recent Crinoids], and in very rare cases there may be seven.” 

Pentacrinus, sp. A 4-rayed stem-joint from the Chalk. Referred 
to by G. A. Mantell, « Fossils of the 8. Downs.’ London, 1822, p. 183, 
No. 28. ‘A single vertebra of a quadrangular form, the angles 
rounded, the surface ornamented with figures resembling a floret of 
four rays.” Coll. British Museum. [E. 5501.] 

P. jurensis, Quenst. P. de Loriol, ‘ Paléont. Frangaise,’ 1¢ sér. 
Terr. Jurass. xi. 2 partie, pl. exliv. f. 6, 6a, 66, and p. 112. Paris, 
1886. <“Interverticille complet avec 4 faces seulement, dont lune 
est absolument plane.” The plane face bears a cirrus like the others. 
Upper Lias. Loc. May, Calvados. Coll. Deslongchamps. 

P. subsuleatus, Miinst. P. de Loriol, op. cit. pl. exlv. f. 2, 2a, 
p. 117. Paris, 1886. “Fragment de tige a 4 faces.” Perfectly 
regular, 6 joints preserved. Middle Lias. “ Original de Dumortier, 
pl. xxiii. f. 13, 14.” Loc. Saint Fortunat. Coll. Muséum de Lyon. 

P. Dumortiert, Oppel. P. de Loriol, op. cit. pl. clxu. f. 6, 6a, 
p. 186. Paris, 1887. <“ Interverticille complet d'une tige a 4 faces 
seulement.” Quite regular; 8 joints. Bathonien. Loc. Celles. 
Coll. de Frere Pacome. 

P. dubius, Goldf. A small fragment of stem, regularly 4-sided, 
with smooth outer surface slightly depressed between the lobes 
ascribed to above species. Wellenkalk. Loc. Rohrbach bei Heidel- 
berg. Coll. Basle Museum. 

Balanocrinus subteres, Minst., sp. Stem-fragment with 4 rays, 
quite regular. Age and Loc. unknown. Coll. Basle Museum. 

Bal. Bronni, v. Hagenow, sp. The articular surface shows 4 
sectors, quite regularly disposed; this peculiar character is con- 
tinued over the whole series of joints, 26 in number. Upper White 
Chalk. Loc. Rugen Is. Coll. Basle Museum, presented by Herr 
Rathsherr Albrecht Burckhardt, 1840. 

Encrinus fossilis, Blumenbach (= #. lilizformis, Lamarck). A 4- 
rayed calyx and other abnormalities. A. v. Strombeck, ‘“ Beitrag 
zur Kenntniss der Muschelkalkbildung in N. W. Deutschland,” 
Zeitschr. deutsch. geol. Ges. 1849, vol. i. 115-231, on pp. 157-167. 
Loc.‘* Erkerode und der nichsten Umgegend.” And A. v. Strombeck, 
‘‘Ueber Missbildungen von Enerinus lliformis, Lam.,” Paleeonto- 
graphica, iv. 169-178, and pl. xxxi. (Cassel, 1855). 

EL. fossilis, Blum. (=H. liliiformis, Lam.). A. von Koenen, 
‘‘ Beitrag zur Kenntniss der Crinoiden des Muschelkalks,” Abhandl. 
der kg]. Gesellsch. d. Wiss. Gottingen, xxxiv. pp. 1-44 (1887). 
Describes two 4-rayed calyces of this species, “‘ mit versttimmelten 
Armen,” on p. 28. loc, Elm. 


THE *‘ WEISSER JURA ” OF BAVARIA, 169 


Cupressocrinus crassus (C. tetragonus), A. Goldfuss. ‘“ Beitrage 
zur Petrefactenkunde. A. Ueber fossile Crinoiden.” Nova Acta Ac. 
Cees. Leop.-Car. xix. pt. 1. pp. 329-352. Breslau u. Bonn, 1839. 
See p. 332, and pl. xxx. f. 3,3 a. “Das Becken hat 5 Glieder, von 
welchem jedoch das fiinfte als ein eingeschobenes Zwischenglied 
erscheint, da nur vier Rippen und vier Schulterglieder, so wie vier 
Arme folgen.” ‘This is referred by Schultze and Wachsmuth and 
Springer to C. crassus. 

* Antedon rosacea, Linck, sp. P. H. Carpenter, ‘ Challenger ’ 
Report, Zoology, vol. xxvi. part lx. . . . The Comatule. London, 
1888: p. 27. “A tetraradiate specimen.” Coll. P. H.C. 

* Antedon, sp. P. H. Carpenter, op. ct. p. 27, “ A tetraradiate 
specimen ... . of aJapanese Antedon in Dr. Doderlein’s collection.” 

Antedon, sp. P. H. Carpenter, op. cit. pp. 27-28. ‘The only 
other six-rayed Comatula that I know is a smalland dry Antedon in 
the British Museum. But the dise is sufficiently well preserved to 
show that the additional ray is inserted between the two of the 
right side (D and E).” 

* Actinometra paucicirra, Bell. P. H. Carpenter, op. cit. p. 27. 
A quadriradiate specimen from Cape York. 

Actinometra pulchella, Pourt., sp. P. H. Carpenter, op. cit. p. 27. 
A six-rayed form; disc concealed, so that symmetry of ambulacra 
cannot be made out; perhaps really pentamerous, but one radial, 
bearing 2 small rays; cf. Allagecrinus (vide ante, p. 164). 


For other remarks on this subject see :— 

G. G. Pusch.—‘Polens Palaontologie,’ &c., Stuttgart, 1837. “ Ein 
proplematischer Entrochites tetradactylus,” on pp. §, 9, and Taf. i1. 
fig. 8, a, 6,c,d,e. These are various 4-sided stem-joints, with 
tetragonal central canal. 

Johannes Walther.—‘‘ Untersuchungen wber den Bau der Cri- 
noiden, mit besonderer Bertcksichtigung der Formen aus dem Sol- 
enhofener Schiefer und dem Kelheimer Diceras-kalk.” Paleeonto- 
graphica, xxxll. pp. 155-200, pl. xxili-xxvi. Stuttgart, 1886. 
Phylogeny on p. 198. His remarks on embryology are quite incon- 
sistent with our fuller knowledge. 

H. von Meyer.—-‘‘ Abweichungen von der Funfzahl bei Echiniden 
nachgewiesen durch einen vierzihligen Cidariten und durch einen 
sechszihligen Galeriten.” Nova Acta Acad. Ces. Leop.-Car. 
EVill. pt. 1. pp. 287-296, pl. xui. f. 1-7. Breslau and Bonn, 1836. 
The specimens are Cidaris coronata, Goldf., and Galerites alboga- 
lerus, Leske, sp. 

Further reference may be made to the papers by Beyrich, Haacke, 
and Wachsmuth and Springer already quoted (ante, pp. 164 & 166), 
and to the two ‘Challenger’ Reports of Carpenter, “The Stalked 
Crinoids,” pp. 36-38, and ‘‘ The Comatulide,” pp. 27-28. In the 


* “Tn all these individuals the anterior ray (A) is missing, so that the mouth, 
instead of being radial in position, is placed interradially between the rays E 
and B.”—P. H. C. Joc. cit. 


eedeG. 8. No. 177. N 
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tatter place Dr. Carpenter quotes a few examples from other classes 
of the Echinodermata, and remarks on the same. 

A detailed list and a comparison of all known examples of varia- 
tion in symmetry would, it is probable, afford grounds for some 
more definite conclusion ; this would especially be the case if we 
could more often tell which ray was missing or in which inter- 
radius one was added. Some general principle might possibly be 
discovered; but to attain this desirable end, the cooperation of 
specialists is needed. 


EXPLANATION OF PLATE VI. 


Fig. 1. Trigonocrinus liratus, specimen A, seen from side of largest basal, en- 
larged. 1 a,natural size, outline with spines restored. British Museum 
[H. 5502 a]. 

2. T. liratus, specimen A, seen from side of smallest basal, enlarged. 
2 a, natural size, outline with spines restored. 

Fig. 3. T. liratus, specimen A, ventral aspect, the largest inter-radius towards 
top of plate ; same scale as figs. 1 and 2. 

4. T. liratus, specimen A, dorsal aspect, showing basal ring, the largest 
basal towards top of plate; slightly larger scale than figs. 1, 2, and 3. 


Fig. 5. T. liratus, specimen B, remains of depressions for attachment of arm 
on radial ; compare with figs. 8 and 13. British Museum [H. 5502 bj. 

Fig. 6. 7. liratus, specimen B, portion of radial surface further enlarged 
(circa 30 diam.), to show nature of ornament. 

Fig. 7. 7. liratus, plan of dissected calyx from evidence of specimens A and 


B. The basals are represented separately, though they are actually 
fused into a ring ; the two smaller radials are also fused in whole or 
art. 

ie) 1S: ie emacs caryophyllatus, calyx supported on the “article basal ” 
(=top stem-joint, mihi). Note clear-cut processes of radials, and well- 
marked depressions for articulation of arms. 24 diam. After De 
Loriol, Paléont. Frang. T. Jurassique, xi. 1¢ pt. pl. xi. f. 1, d. 

Fig. 9. EL. caryophyllatus, calyx dissected by removal of one radial and the 
halves of the adjacent radials ; shows the radials perforated by canals 
which run from the axial canal to the apertures on the articular ridge. 
x2 diam. After Goldfuss, Petref. Deutschlands, pl. 1. f. 3, d; see 
pp. 162-8. The arrangement of the canals harmonizes better with 
Zittel’s account than with that of Carpenter, but I cannot vouch for 
its correctness. Note slightness of depression for reception of visceral 
mass as compared with Phyllocrinus and Trigonocrinus. 

Fig. 10. £. caryophyllatus, dorsal aspect of calyx, shows small axial canal, but 
no trace of basals or of radial canals. x2diam. After Goldfuss, op. 
Gib.) Olle tee ae. 

Fig. 11. E. caryophyllatus, same specimen as in fig. 8, ventral aspect. 33 
diam. After De Loriol, /. c. pl. xui. f. 1, ¢. 

Fig. 12. Phyllocrinus fenestratus, Dumortier, sp., calyx of natural size; note 
long “ petals” and constricted notches for arms. After De Loriol, J. c. 
pl. xvii. f. 6. 

Fig. 13. P. fenestratus, articular facet of radial from another calyx, enlarged ; 
it is less marked than that of Hugeniacrinws. After De Loriol, J. ¢. 
pl samt, (, o. 

Fig. 14. P. granulatus, d’Orb. sp., calyx with petals partly broken. x5 diam. 
After De Loriol, Z. c. pl. xviii. f. 1, a. 

Fig. 15. P. granulatus, same specimen as in fig. 14, ventral aspect ; note small 
articular facet and deeper calycal cavity, thus approaching Trigono- 
crinus. X5diam. After De Loricl, /. ¢. pl. xvi. f. 1, 0. 

Fig. 16. Zetracrinus moniliformis, Minster, ventral aspect of calyx. x4 
diam. After De Loriol, J. c. pl. xix. f. 1, a. 
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Fig. 17. Allagecrinus Austini, EK. & C.: “ calyx of a specimen in which three 
radials have distinct articular facets, whilst another has no facet, 
even of the simplest kind, and there is only an imperfect one on 
the fifth. Howood, near Johnstone.” Ventral aspect. 24 diam. 
After Etheridge and Carpenter, Ann. & Mag. Nat. Hist. ser. 5, 
Mole vil. pl. xvi. t. 0,0. 

Fig. 18. A. Austint. Same specimen as in fig. 17, seen from side. After E. 
and C. /. c. pl. xvi. f. 9, a. 

Fig. 19. Haplocrinus mespiliformis, Goldf., sp., from right anterior ray; for 
comparison of articular face with that of Eugeniacrinide. An arm- 
joint is seen 7m situ on the right-hand side of the figure. Stringo- 
cephalen-kalk, Gerolstein. Brit. Mus, [49136]. 


Figs. 1, 1a, 2, 2a, 5, 7, and 19 are from my drawings ad naturam. Figs. 3, 
4, and 6 were drawn, with help of sketches, from the specimens by Mr. 
M. Prendergast Parker, to whose skill and accuracy I am much indebted. 
Figs. 8-18 are copied from the authorities cited, with occasional alteration 
in the direction of clearness. 


Discussion. 


The PrestpEnt welcomed a new paleontologist to the Society. 

Dr. P. Herpert Carpenter accepted without hesitation the 
Author’s reference of this form to a new genus, and assigned it to 
the same systematic position as did the Author. 

He considered his view respecting the basals of Hugeniacrinus to 
be strengthened by what he had heard, and hoped soon to be able 
to test it by the examination of sufficiently well-preserved material. 

The way in which one basal of Zrigonocrinus is crowded out is 
peculiar. The arms must have been extremely reduced, and were 
perhaps attached by suture rather than by articulation. In dis- 
cussing symmetry the Author appeared to have treated the Crinoids 
too much as an isolated group, and not as having the general 
structure of Echinoderms. 

Prof. Srrrey asked whether it was certain that the specimens 
were mature forms, and whether it was safe to found a new genus 
on such limited material. He did not see the necessity for sup- 
posing atrophy and fusion following sport. The form, though 
extremely exceptional, need not be permanent. 

The AvrHor replied to Dr. Carpenter that the question regarding 
the basals was one of the weight of evidence. With reference to 
the attachment of the arms, the marks of articulation, although 
almost, are not quite invisible. As an instance of atrophy, he 
mentioned the radials of 7’riacrinus. Similar asymmetry occurs 
in the other classes of Echinodermata ; instances among Kchinoidea 
led Haacke to the same conclusions. verything went to prove the 
maturity of the forms which he had described. 
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10. Note on Marsvpites TESTUDINARIUS, v. Schlotheim, sp.* By 
F. A. Barner, Esq., B.A., F.G.8., Brit. Mus. (Nat. Hist.). 
(Read December 19, 1838.) 


Conrusion has long reigned supreme in the nomenclature of the 
genus Marsupites. The splendid series of specimens in the col- 
lection under my care enables me to attempt the restoration of 
order with some hope otf success. A specimen of Marsupites 
was well figured in ‘ Parkinson’s Organic Remains,’ 1. pl. xiii. f. 24, 
and adequately described on pp. 225-229 of that work. Had Par- 
kinson only named his numerous species according to the Linnean 
method an enormous amount of subsequent confusion, in this and 
many other cases, would never have occurred. To many of Par- 
kinson’s figures names were given by Von Schlotheim; the one now 
in question he called Hnerinites testudinarius. Every form hitherto 
discovered in the English Chalk belongs without a doubt to the 
same species as Parkinson’s specimen. Between absolutely smooth 
and extremely rugose specimens there are almost as many grada- 
tions as there are specimens. It follows therefore that all other 
names are synonyms of M. testudinarius. This solution of the 
difficulty is undoubtedly the most satisfactory from a scientific point 
of view: it is also gratifying to know that the specific name we 
have to adopt is far more sensible and appropriate than any of its 
successors, and that, unlike them, it does justice to the enthusiastic 
observer and delightful describer Parkinson. 
The synonymy is as follows :— 


Marsvpires, Miller. 


1808. Tortoise Encrinite, J. Parkinson, ‘Organic Remains of a 
former World, London, il. 225. Parkinson, referring to “ Mr. 
Lister’s paper on the Ladices entrochorum,” says :—“ He there gives 
an engraving of one of the plates of this animal, which he describes 
only as ‘a pentagonous plate embossed with angles.’” The true 
reference is M. Lister, “‘ A Description of certain Stones figured like 
Plants, and by some Observing men esteemed to be Plants petrified.” 
Phil. Trans. vol. viii. Tract 100, pp. 6181-6191, London, Feb. 1674. 
On p. 6190 “ Figures of Plates supposed to incrustate divers roots— 
33. An hexagonous plate embossed with angles.” This figure repre- 
sents the plate of a Carboniferous crinoid. The popular name “ Tor- 
toise Encrinite” seems originally to have been applied to Crotalo- 
crinus rugosus. Miller (1. ¢. anf. p. 185), and especially Cumberland 
(l. c. inf. pp. 17 and 27), discriminated rightly. 

1820. EHnerinites, von Schlotheim, ‘ Petrefactenkunde,’ Gotha, 
p. 339 ; also Nachtrage, 11. p. 103 (1828). 


* [This paper was read as a second appendix to the Author’s memoir on 
“ Trigonocrinus,’ but as it has no direct relation to that paper it has been 
thought better to print it separately.—Eb. Q. J. G. 8.] 
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1821. Marsupites, G. A. Mantell, MS. on Southdown Fossils 
quoted by Miller, loc. cet. infra. 

1821. Marsupites, Or the Purse-like Animals, J. 8. Miller, Nat. 
Hist. Crinoidea, Bristol, p. 134. Der. marsupium a purse, and 
termination -dtes fossil. 

1824. Sttularca, G. Cumberland, on a lithographed fignre “printed 
for circulation among collectors and their friends.” 

1826. Sttularia, G. Cumberland, ‘ Reliquiew Conservate,’ Bristol, 
p. 26. Der. situlus (sic), a bucket; the Latin word appears to be 
situla. Nearly always wrongly quoted as Sctutaria. 

1830. Marsupiocrinites, H. D. de Blainville,in Dict. des Sci. Nat. 
Paris, lx. 244, footnote. Der. marsupium (!) or papovrior (2), kpivor, 
and termination -iées. The true Greek work is udpouros ; papsvmov 
occurs in a few Septuagint MSS. as a corruption of the diminutive 
papoimov. Itisa pity that the name Marsipocrinus was not adopted 
from the beginning, as in parallel cases. In 1839, however, J. 
Phillips, in Murchison’s ‘Silurian System,’ gave the corrupt (or 
mongrel?) name Marsupiocrinites to a distinct Silurian genus; this 
has been a source of trouble more than once ; if we may not take 
away the name it would at least be advisable to write it correctly, 
viz. Marsipocrinus. 

1836. Marsupium, L. Agassiz, in “ Prodrome @une Monographie 
des Radiaires ou EKchinodermes,” Mém. Soe. Sci. Nat. Neuchatel, i. 
(1835), p. 194, gives “ Marsupites, Mant. (Marsupium, Koena— 
Marsupiocrinites, de Bl.).” In 1846 the same writer’s ‘ Nomenclator 
Zoologicus’ quotes ‘ Marsupiwm Koen. Icon. Sect.” H.G. Bronn’s 
‘Index Palzontologicus,’ 1848, gives the more definite reference to 
C. Konig, ‘Icones Fossilium Sectiles,’ London, 1825. K. v. Zittel, 
‘Handb. d. Pal.’ i. p. 463, also ascribes the name to Konig. I have 
been unable to find either this name or any figure of the fossil in 
any copy of Kénig’s work. In H. G. Bronn’s ‘ Klassen und Ord- 
nungen des Thier-Reichs,’ ii. Bd. ‘““Aktinozoen,” 1860, p. 231, where 
the reference recurs, there is some confusion between Koninck and 
Konig, but I cannot find that L. de Koninck ever used this name. 
Was Koena a writer? If so, how, when, and where ? 

All other authors have followed Miller and Mantell in the name 
of the genus. 


MARsUPITES TESTUDINARIUS, v. Schl. sp. 


1808. The Tortoise Encrinite, J. Parkinson, Organic Hemaina: &C., 
i. aa Letter xxii. pl. xiii. f. 24 and 30. 

1820. M. (Encrinites) testudinarius, von Schlotheim, ‘ Petrefacten- 
kunde,’ p. 339, ref. to Parkinson’s f. 24. Der. testudo, tortoise. . 

1821. M. ornatus, ornamented purse-like animal, J. S. Miller, 
‘ Nat. Hist. Crinoidea,’ p. 136, with plate. 

1322. M. Muilleri, G. A. Mantell, ‘ Foss. South Downs,’ pp. £84- 
188, pl. xvi. f. 6, 7, 8, 9, 14.. A synonym which naturally moved 
Cumberland to scorn; Miller’s description was based on Mantell’s 
own specimens and figures, as Mantell very well knew. 

1823. M. ornatus, Defrance, Dict. Sci. Nat. xxix. pp. Bee 245. 
Q.J.G.8. No. 177. 
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1823. M. Mantelli, Brongniart, Dict. Sci. Nat.: ‘ Vers et Zoo- 
phytes*; Planches, Polypiers—Pierreux, xx. f. 5. Name given to 
figure, which is apparently a copy and represents no new species. 

1824, MW. (Sitularia) triangulariformis, or triangle-formed Situlite, 
G. Cumberland, MS. vide supra. 

1825. “ M. ornatus, Mantell,” H.G. Bronn, ‘System der urwelt- 
lichen Pflanzenthiere,’ &c., &c., Heidelberg, p. 40, Taf. ui. f. 1. 

1826. WM. (Sitularia) triangulariformis, G. Cumberland, ‘ Reliquie 
Conservate,’ Bristol, pp. 21-28, pl. figs. 30-35. 

1830. MW. ornatus, Blainville, loc. cit. supra. 

1835. WM. ornatus, J. Phillips, ‘ Geol. Yorkshire,’ i. p. 156, pl. i. 
f. 14. 

1836. “ MW. ornatus, Mant.,” L. Agassiz, ‘ Prodrome d’une Monogr.’ 
&e. supra cit. p.194. He doubtfully refers to it the crinoidal plates 
formerly known as Asterias scutata, A. stellifera, and A. tabulaia; 
but these probably belong to Palzozoic forms. 

1837. MW. ornatus, G. G. Pusch, ‘ Polens Palaontologie,’ &e., Stutt- 
gart, pp. 9, 10, pl. un. f. 9. Curiously relegates it to “ Ordnung 
Blastoides, Say.” 

1840. M. ornatus, F. A. Romer, ‘ Verstemerungen des nord- 
deutschen Kreidegebirges,’ erste Lief. p. 27. 

1850. M. Milleri, E. Forbes, in Dixon’s ‘ Geol. Sussex,’ Ist ed. 
p. 343, quite unwarrantably separates this synonym as a species, 
and applies the name to specimens figured, pl. xx. f. 4, 5, and 9. 

1850. MW. ornatus, E. Forbes, loc. cit., restricts this term to 
varieties which he does not define, and considers pl. xx. f. 10 a 
variety of the species so formed. 

1850. MW. levigatus, E. Forbes, loc. cit., doubtfully founds this 
new species on a specimen, figured pl. xx. f. 5, in the collection of 
Mr. Catt (H. Willett, Esq., of Brighton). Der. levis, smooth. 

1876. M. ornatus, F. A. Quenstedt, ‘ Petrefactenkunde Deutsch- 
lands.’ erster Abth. iv. Echinodermen, p. 447, Taf. evi. f. 131-142. 

1878. WM. Mileri. T. Rupert Jones, as editor of Dixon’s ‘ Geol. 
Sussex’ (in Part III., description of the figures in plates x. [46] to 
xxvii. [64] ofthe ‘ Fossils of the South Downs,’ p. 456), restricts this 
name to pl. xvi. [52], f. 6, 7, 8, 9, but gives no reason for the 
restriction. 

1878. VW. ornatus. T. Rupert Jones, loc. cit. p. 456, applies this 
name to figs. 13 and 14 of same plate. No reason given for this 
preference. 

1878. M. levigatus. T. Rupert Jones, loc. cit., applies this name to 
f. 15 of same plate, though it inno way agrees with Forbes’s original 
type or description. 

Forbes’s three names are all the time kept as he left them in the 
body of the work. 

The above is not a complete list of references to the species, but 
it is believed to contain references to all publications that have 
affected the nomenclature. 
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11. On the Growrn of Crystats im Icenrous Rocks after their 
ConsoripaTion. By Professor Joun W. Jupp, F.R.S., F.G.S. 
(Read January 9, 1889.) 
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1. IntRopuction. SEconDARY ORIGIN OF THE *‘ GRANOPHYRIC ” 
STRUCTURES. 


THREE years ago, in describing some basic igneous rocks from Scot- 
land and Ireland, I expressed my conviction that a part, at least, of 
the structures known as micropegmatitic and granophyric were 
really of secondary origin*. At the same time, I stated that these 
structures were so much more clearly illustrated by the intermediate — 
and acid rocks of the same district that it would be well to defer 
the discussion of the subject till my examination and description of 
the rocks in question should be completed. 

The study of the intermediate and acid lavas (which, in 1874, I 
grouped under the old English field-name of “felstones”) and of 
their plutonic representatives has occupied much of my time and 
thought during the last fifteen years. But so numerous and 
interesting are the problems connected with the wonderful meta- 
morphoses which the minerals of these rocks have undergone, and 
so singular are the changes which have taken place in the structures 
of these rocks, that, in spite of a number of visits to the district 
and much labour in the laboratory, some time must yet elapse before 
the examination of the chief types and the elucidation of their mode 
of origin is completed. 

In the meanwhile, however, certain discussions which have taken 
place concerning rock-structures and their significance—especially 
as a basis of rock-nomenclature and classification—render it desirable 
that the very definite and unmistakable evidence which I have ob- 


* Quart. Journ. Geol. Soc. vol xlii. (1886), pp. 72, 73, pl. vii. fig. 8. 
Q. J. G. 8. No. 178. P 
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tained concerning the secondary origin of the characteristic struc- 
tures of the ‘‘ granophyric” rocks should be placed on record. 

The examination of the field-relations of the remarkably varied 
types of acid and intermediate rocks which occur in the Western 
Isles of Scotland and the North of Ireland shows that rocks ex- 
hibiting the structures known as “ granophyric” occur under certain 
well-marked conditions, The larger, truly granitic eruptive masses 
usually pass towards their peripheral portions into “ granophyres ” * ; 
the smaller eruptive bosses and lenticular sheets (“ laccolites”) of 
the same rocks exhibit the granophyric character throughout ; while 
the apophyses, and even dykes, proceeding from intrusive masses very 
often display these same structures, which are, in such cases, not un- 
frequently developed on a very minute scale. The structures which 
especially distinguish these granophyric rocks are the micropegma- 
titic, the centric or ocellar structure, the pseudospherulitic, the 
microgranitic, and the drusy or maroliiec structures. 

I hope from the study of the remarkably fresh examples of 
Tertiary rocks, which are in texture intermediate between the 
granitic and the volcanic types, to illustrate the mode of origin of 
these various structures, and to show their relations one to anothert. 


2. ENLARGEMENTS OF DETRITAL FRAGMENTS OF CRYSTALS :—QUARTZ, 
Frtspar, HorNBLENDE, AND Mica. 


At the outset of this inquiry I must recall the important and 
suggestive discovery made by Mr. Sorby, and announced to the 
Society in his Presidential Address in 1880¢. Mr. Sorby showed 
that the so-called “crystalline sands ” were produced by secondary 
growths of quartz upon the fragments of quartz-crystals that con- 
stitute sand-grains. 

Like so many other of this author’s discoveries, the new facts 
then announced have proved wonderfully suggestive and fruitful in 
new departures of thought. 

Mr. A. A Young§, the late Dr. Roland D. Irving||, Mr. Van 
Hise 4], and other authors in the United States have shown how the 
structures of sandstones and quartzites may be explained by the 
application of principles discovered by Mr. Sorby; while Professor 


* Throughout this paper I use this term not in the original sense in 
which it was employed by its author, Vogelsang, but with the meaning which 
Rosenbusch has proposed to attach to it. 

Tt I may mention, in passing, that the study of the processes of crystallization 
by which the amorphous silica, replacing the calcic carbonate of chalk-mud, 
passes into the different varieties of hypocrystalline flint, throws much light | 
upon the changes which have taken place in the ground-mass of igneous rocks. 
The problem is in this case simplified by the fact that there is only one mineral 
species involved in the change, namely, quartz; while in the devitrification 
of the glasses of igneous rocks there is much greater complexity. 

¢t Quart. Journ. Geol. Soe. vol. xxxvi. (1880). 

§ Am. Journ. Sci. 3rd ser. vol. xxiii. (1881), p. 257, and vol. xxiv. (1881), 


p. 47. 
|| Zoid. 3rd ser. vel. xxv. (1883), p. 401. 
4 Bull. U.S. Geol. Survey, no. 8. 
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Bonney *, the late Mr. J. A. Phillips‘, and others in this country 
have added largely to our knowledge of these interestiug processes. 
To Mr. Van Hise we are indebted for the further very important 
discovery that not only portions of quartz-crystals, but fragments 
derived from felspar-t and hornblende- § individuals, when exposed 
to favourable conditions, undergo, in the like manner, secondary 
enlargement ; while Professor Bonney has shown that similar en- 
largements of biotite-fragments often take place during a develop- 
ment of foliation in argillaceous rocks ||. 


3. ENLARGEMENT OF CrysTALs IN Lenrous Rocks. 


That the crystals of many eruptive rocks are surrounded by 
irregular outgrowths, which are in crystallographic continuity 
with them, and appear to have been formed subsequently to the 
crystals themselves, has been recognized by many authors, such as 
C. Hopfner in 1881 (| ; Prof. G. H. Williams in 1882 **; F. Becke t+, 
K. Bleibtreu tt, and E. Hussak in 1883 §$; by Dolter and Hussak in 
1884||||; and by Dr. Max Koch in 1887 44. These authors, however, 
appear to have generally regarded the secondary outgrowths to 
the felspar or other crystals as having been formed while the rock 
was still in a molten state. 

In a very valuable and suggestive memoir, to which I shall more 
particularly refer in the sequel, Dr. Erasmus Haworth, after describ- 
ing some very remarkable examples of these outgrowths in the 
felspars of granitic rocks from Missouri, and discussing all the 
possible explanations of them, decided in favour of their having 
been produced before the complete consolidation of the mass in which 
the crystals occur ***, 

The first petrographer who seems to have suspected that such 
outgrowths might have occurred after the consolidation of the rock 
was Dr. F. Becke ; and this view is indicated in his very remarkable 
and thoughtful memoir on the “ Eruptivgesteine aus der Gneiss- 
formation des niederosterreichische Waldviertels” t+. He appears 
to have seen that certain secondary growths in hornblende-crystals 
must have gone on when the rock was in a solid state. In 1887 

Mr. Van Hise announced that he had found similar secondary out- 


* Quart. Journ. Geol. Soc. vol. xxxv. (1879), p. 666, and subsequent memoirs. 

t Ibid. vol. xxxvii. 1881, p. 6. 

t Am. Journ. Sci. 3rd ser. vol. xxvii. (1884), p. 399. 

§ Am. Journ. Sci. 3rd ser. vol. xxx. (1885), p. 231. 

|| Quart. Journ. Geol. Soe. vol. xliv. (1888), p. 15. 

{| Neues Jahrb. fiir Min. &. 1881, Band ii. p. 180. 

** Ibid. Beilage-Band ii. pp. 605-607. 

tt Min. und petr. Mitth. vol. v. p. 147, &e. 

tt Zeitschr. d. d. geol. Ges. vol. xxxv. 1883, p. 489. 

§§ Sitzungsb. der k. k. Akad. Wiss. Wien (1883), i. Abth. 

|| Neues Jahrb. fir Min. &. (1534), Band i. pp. 18-44. 

4/4, Jahrb. der. k. preuss. geol. Landesanstalt (1887), pp. 77-78 & 98. 

*** The Archean Geology of Missouri (Minneapolis, Minn. 1888), pp. 16-17. 
This paper also appeared in the American Geologist for May and June 1888. 

ttt Min. und petr. Mitth. vol. v. (1883), pp. 158, 159,171, &e. 

p2 
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growths around crystals of both hornblende and augite in certain 
massive rocks from Michigan and Wisconsin*. In the following 
year Mr. G. P. Merrill described “Secondary Enlargements of 
Augites in a Peridotite from Little Deer Isle, Maine,” and, like 
Mr. Van Hise, distinctly asserts that such enlargements must have 
occurred subsequently to the consolidation of the rock f. 

The bearing of Dr. J. Lehmann’s important researches on “ Con- 
tractionsrisse in Krystallen ” = upon this question will be discussed 
in a later page of this paper. 


4, Proors rHat Growrs oF PorpHyritic FELsPARS MAY TAKE PLACE 
AFTER THE CONSOLIDATION AND THE ALTERATION BY WEATHERING 
oF AN Ienrous Rock. 


In my studies of the Tertiary granophyric rocks of the Western 
Isles of Scotland and the North of Ireland, I have found abundant 
evidence that the growth of crystals of felspar and quartz goes on, 
at the expense of a more or less vitreous matrix, long after the 
solidification of the rock, and that in this fact we have a satisfactory 
explanation of the mode of origin of the several ‘ granophyric” 
structures. I think that it will be desirable at the outset to de- 
scribe a case in which the evidence of this action appears to me to 
be so clear as to place it altogether beyond question. 

The rock in which the illustration occurs is one belonging to a 
group that, as I shall hereafter show, is very frequently represented 
among the lavas of the district ; in chemical composition it lies on 
the borders of the intermediate and basic groups, and would be desig- 
nated by French petrographers a “ Labradorite ;” in fact, it cor- 
responds very closely indeed with the Icelandic labradorites so 
well described by M. Réné Bréon §. 

As it is manifestly inconvenient, however, to employ the same 
term both for a rock and for a mineral, I would suggest that the rocks 
in question should be called “ labradorite-andesites.” They consist 
of large crystals of a lime-soda felspar, closely corresponding to 
labradorite (or sometimes to a felspar intermediate between that 
species and anorthite), scattered through a glassy base containing 
microlites of felspar, augite, and magnetite; olivine is usually so 
rare in the rock that we can regard it only as an accessory con- 
stituent. I shall show that, as the result of certain alterations, this 
Tertiary rock assumes the characters which are universally accepted 
as distinguishing the “ labradorite-porphyrites,” of which the well- 
known verde-antique and Lambay-Island porphyries are such 
excellent examples. In Iceland, however, these rocks are found in 


* Am. Journ. Sci. 5rd ser. vol. xxxiii. (1887), p. 385. 

t Ibid. vol. xxxy. (1888), p. 488-496. 

t Zeitschr. f. Kryst. Bd. xi. (1886), pp. 608-612. 

§ Notes pour servir a l'étude de la Géologie de l’Islande et des Iles Ferce 
(1884). Iam greatly indebted to M. Bréon for supplying me with an interest- 
ing series of these rocks for comparison with those which I am studying in our 
own country. 
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a perfectly fresh condition, while in Mull and other parts of the 
Western Isles they may be traced undergoing certain changes due 
to both deep-seated and surface-action, and also exhibiting in- 
teresting examples of the so-called propylitic modification. 

It is in a labradorite-andesite from Dun da Ghaoithe (Dun-da-gu) 
in Mull, a locality where rocks of this type are admirably displayed, 
that the enlarged crystals which I propose to describe occur. The 
principal minerals in the rock are large, idiomorphic felspar-crystals 
(which are shown by their extinctions, their specific gravity, and 
their flame-reactions to approximate to labradorite), and there 
are also a few individuals of augite and magnetite. Between these 
crystals, glassis frequently caught up, sometimes in angular portions, 
giving rise to the appearance called by Professor Rosenbusch “ inter- 
sertal structure.” The glassy matrix, in many places, is seen to 
have undergone much change, while the crystals are comparatively 
fresh and unaltered. 

On close examination, the felspar-crystals in the rock-sections are 
found to exhibit remarkably irregular and ragged outlines; and a 
minute scrutiny reveals the fact that each crystal has a central core, 
which shows the rounded and sometimes corroded forms so frequently 
seen in the porphyritic crystals of rocks. When viewed between 
crossed nicols, the distinction between the central core and the 
irregular fringe surrounding it becomes very striking. 

Looked at very carefully, the portion lying in the centre of each 
erystal is seen not only to exhibit corroded surfaces and glass- 
enclosures, but to be traversed by cracks, to contain bands of 
secondary inclusions, and to present planes of decomposition (kao- 
linization) which do not exist in the outer clear and transparent 
fringe In most cases the outer fringe is quite subordinate to the 
mass of the crystais (see Pl. VII. figs. 1, 2); but in a few instances the 
outer fresh portion is equal in area, as seen in thin sections, to the 
altered and more or less rounded core which it encloses (see Pl. VII. 
fig. 3). Occasionally the enveloped crystal can be seen to have 
undergone actual fracture; and in these cases, the cracks in the 
fractured crystals are found to be filled up, and the portions of the 
erystal to be cemented together by felspar-material, which extin- 
guishes with the surrounding mass and not with the central core 
itself (see Pl. VII. fig. 2). It is a very significant circumstance 
that the crystals have only undergone enlargement where they are 
in contact with the glassy matrix, and that where other crystals 
lie against them, all growth has been prevented. 


5. CHANGES IN THE ComposITION OF THE OUTER ZONES OF 
FELSPAR-CRYSTALS DURING THEIR GROWTA. 


When studied by polarized light, these felspar-crystals exhibit 
one very important difference from similarly enlarged quartz-crystals. 
The crystallographic continuity of the inner and outer portions of 
the crystals is shown by the way the twin-planes sometimes pass 
from the one to the other (see Pl. VII. fig. 2); but the inner and 
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outer portions of the crystal do not extinguish simultaneously when 
the section is rotated between crossed nicols. On the contrary, in 
rotating the crystal, after the position of extinction of the internal 
core has been passed, a dark zone of extinction makes its appearance 
around the central mass, and, as rotation goes on, this dark zone 
passes slowly and gradually outwards through the surrounding fringe 
(see Pl. VII. fig. 3). 

Nothing can be more striking and suggestive than this beautiful 
phenomenon, which it is possible to observe and verify in the case 
of many of the crystals in this very interesting rock. 

I think there cannot be any real doubt as to the true explanation 
of the remarkable appearances which I have been describing. 

The more or less decomposed character of the glassy ground-mass 
in these rocks, as compared with the crystallized minerals, shows 
that the vitreous part is in a less stable condition than the crystal- 
line. That long after the consolidation of the rock the crystals 
grew outwards irregularly, at the expense of the surrounding glassy 
magma, is clear; this being shown by the fact that where two 
crystal faces are in juxtaposition without the intervention of 
glassy material, no exterior fringe is formed. The phenomenon 
which these particular crystals exhibit—and which it is especially 
important to bear in mind—is that they have not only been de- 
veloped before the secondary outgrowths have been formed around 
them, but that they have suffered a considerable amount of injury and 
alteration from the action of mechanical and chemical forces. This 
is especially well shown when the junctions of the old and the new 
portions of the crystal are studied with high microscopic powers. 

On the other hand, it can be proved in the same way that the 
period since the development of the outer fringe of new material has 
been sufficient for the formation of new cracks and bands of 
enclosures, which traverse both the old and new portions of the 
crystals alike. In most cases the twin-lamelle pass from one por- 
tion to the other; but whether this twinning was developed before 
or after the outgrowths were formed can only be proved in the cases 
(which sometimes occur) when incipient kaolinization has taken place 
along the twin-planes, which are thus shown to have been solution- 
planes, before the outward growth took place (see Pl. VII. fig. 1). 

In a few instances, I have found proof that secondary twinning 
has been developed in the fringe of new es but does not 
extend into the old nucleus. 

The remarkable behaviour of the zone of osheas is well worthy 
of study and consideration. The existence of zoned plagioclastic 
felspars with areas giving different extinction is well known ; and in 
most of these the more basic portions form the centre and approximate 
to the Anorthite-extreme, while the outer zones are successively 
more acid in character and approach towards the Albite-limit. But, 
in nearly all such cases the successive zones are clearly and sharply 
marked off from one another, and they not unfrequently exhibit 
numerous solid and liquid inclusions, or other indications that the 
growth of the crystal had been arrested at successive stages, and 
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that, after an interval, growth had been resumed under somewhat 
different conditions. In the felspars 1 am now describing, however, 
the zone of extinction passes gradually, and without any kind of 
break whatever, from the original central core through the secondary 
peripheral fringe. Taking note of the amount of rotation required 
to produce extinction in different zones in the cases of crystals 
exhibiting the largest periphery, I have found it to be such as to 
lead me to conclude that some crystals with a composition between 
labradorite and anorthite have an irregular fringe which, as we pass 
outwards, corresponds to every intermediate stage through the 
Andesine and Oligoclase series, and sometimes approaches, if it does 
not actually reach, the Albite-limit *. 

Nowhere, I think, could we havea more convincing illustration 
of the truth of Tschermak’s beautiful theory of the felspars. We 
find absolute evidence of the perfectly gradual change of the optical 
characters of these crystals as we follow them from the original 
central mass through the portions representing consecutive additions 
to it. 

Nor is the explanation of the facts observed difficult. When the 
rock, by cooling, assumed the solid state, the stable well-formed por- 
phyritic crystals were separated by portions of vitreous material, 
this vitreous material consisting of unstable mixtures of various 
silicates of lime and the alkalies. 

We must never forget that in the deep-seated rocks—and it is in 
such only that these and similar changes seem to occur—the whole 
mass, crystals and base alike, must be permeated by liquids and gases ; 
and chemical reactions (like those involved in the process of 
schillerization) can readily take place. 

The tendency of the more basic minerals to separate from a magma 
before the more acid ones, which has been so clearly pointed out by 
Rosenbusch and other authors, leads to the gradual exhaustion of 
the lime; and as the proportion of this ingredient in the limited 
portion of magma that can be drawn upon is diminished, more and 
more of the alkaline constituent must be taken up by the growing 
felspar, which thus gradually passes from a basic lime-felspar to- 
wards an acid alkali-felspar. At last little else than the silica may 
be left, and, as we shall see hereafter, this tends to crystallize as 
quartz, sometimes simultaneously with, and sometimes after the 
whole of the felspar has crystallized. 

Prof. Lagorio, in a very useful and painstaking investigation, has 
endeavoured to apply the important results obtained by the late 
Dr. Guthrie on “ Eutectic Compounds” to the explanation of the 


* M. Michel-Lévy is of opinion that the same phenomenon would result if 
the different zones of the felspars, instead of consisting of homogeneous materials 
of different chemical compositions, were variously built up of ‘‘ submicroscopi- 
eal” (¢. e. ultramicroscopical) twin-lamellz arranged on the pericline and 
albite types. or the purpose of my argument it is not of great importance 
which theoretical view of the molecular structure of the felspars is accepted. 
It is sufficient to have demonstrated that in these cases the angle of extinction 
varies gradually and progressively as the crystal grows at the expense of the 
residual glass. 
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nature of the glassy base which is found in igneous rocks*. An 
admirable discussion of Lagorio’s results has been given by Mr. 
Teall , who has supplied further illustrations of the subject. The 
interesting analyses of Lagorio show very clearly that the glassy 
magmas of igneous rocks are just of such a composition as to permit 
anges of the kind I have been describing to take place in them. 


6. THe PECULIAR CoNDITIONS WHICH HAVE GIVEN RISE TO THE PHENO- 
MENA OBSERVED IN THE PARTICULAR CASE NOW DESCRIBED. 


It may not unreasonably be asked why the felspars in this par- 
ticular rock should exhibit this phenomenon in such a very marked 
and unmistakable manner; and it may fairly be objected to the 
views I have expressed that, if the phenomenon of crystal-growth 
be a common one, it ought to be more frequently and easily traced. 
To this objection I think that I am able to give a complete reply. 

Careful study of a large number of cases convinces me that this 
growth of felspar-crystals at the expense of the surrounding unstable 
magma is of very frequent occurrence in rocks which haye been 
deep-seated at any part of their history. A very interesting series 
of rocks which I have received from New South Wales by the 
kindness of my friend T. Edgeworth David, F.G.S., shows that the 
secondary growth of a felspar may even take place after the ad- 
vanced kaolinization of the original crystal. 

But in the great majority of cases, these secondary outgrowths 
are undoubtedly formed while the original crystal is still fresh and 
unaltered, and thus itis not easy to demonstrate that the growth 
has gone on after the surrounding magma has become solid. 

The clearness of the evidence in the particular case described is 
the result of the circumstance of the alteration of the felspar before 
its growth recommenced ; and of this peculiarity [ am able to give 
a very simple explanation. ‘The labradorite-andesite in which these 
crystals occur is one of the old series of “‘felstone”-lavas which I 
described in 1874 as belonging to the earliest period of eruption in 
the Mull volcano. The lava-stream had been exposed to denudation 
and weathering action for long periods of time, sufficient to allow 
of the mechanical injury and partial kaolinization of the felspar. 

Subsequently, this old lava was buried to the depth of several 
thousands of feet by the later out-welling of basaltic and other lavas— 
the consequence being that the mass was placed under just the 
conditions which are favourable to the renewed growth of the felspar- 
crystals. In the presence of these conditions—pressure, heat, and 
the free passage of liquids and gases through the solid rock-mass— 
the crystals already corroded by their surrounding magma, and 
altered by surface-agencies, renewed their youth and recommenced 
their growth. But, depending, as they did, for the supply of fresh 
matezial on the limited volumes of glass surrounding them, the 
remarkable change in composition, as the lime was extracted from 
the glass faster than the soda, was brought about. 


* Min. u. petr. Mitth. viii. (1887), p. 421. 
Tt ‘British Petrography’ (1888), pp. 391-401. 
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7, RELATION OF THESE FACTS TO Dr, LEHMANN’S THEORY OF THE 
OrIGIN oF PERTHITE-STRUCTURE, AND OTHER RECENT RESEARCHES. 


There are some recent researches that give very considerable 
support to the views I have been advocating. Prof. Lehmann has 
shown that, on heating and cooling, crystals undergo contraction along 
planes which he calls ‘“Contractionsrisse.” These ‘Contractions- 
risse” he shows are sometimes planes of cleavage and at other times 
eliding-planes. He refers the beautiful structure known as perthite 
and microperthite—so commonly seen in micorocline—to the sepa- 
ration of the orthoclase-crystals along their “‘ Contractionsrisse,” and 
the deposition of secondary albite in the fissures thus formed. 

In this case we have an example of an action strikingly similar 
to that which I have been describing *. 

Dr. Erasmus Haworth, in the very interesting communication to 
which I have already referred, gives descriptions and drawings of a 
striking series of appearances which he detected in certain Missouri 
granites. He shows that idiomorphic crystals of felspar sometimes 
exhibit enlargements similar to those I have been describing (figs. 
6 and ¢) and at other times a pseudo-spherulitic fringe (fig. @). 


Orthoclase-Crystals from Granite of Missours. 
(After Dr. E. Haworth.) 


In a the crystal is surrounded by a pseudo-spherulitic border; in 6 and ¢ 
there are enlargements with continuous cleavage; and in d “ the idiomor- 
phic orthoclase is partly surrounded by a secondary growth, and partly by 
a micropegmatite in which the felspar is attached to the original crystal 
and oriented with it.” 


Still more remarkable are the cases which he cites of idiomorphic 
orthoclase, surrounded by secondary outgrowths, which in parts 
exhibit all the characters of a true micropegmatite, the central 


* “Ueber die Mikroklin- und Perthit-Structur der Kalifeldspathe und deren 
Abhangigkeit von ausseren z. Th. mechanischen Hinflissen.” Jahres-Bericht 
der schles. Gesellschaft fiir vaterlandische Cultur, fir 1885, Sitzung vom 11 
Feb., also in same Journal, p. 92, and 1886, pp. 119-120. See also Zeitschr. f. 
Kryst. Bd. ii. 1886, pp. 605-612. 

Dr. Lehmann informs me that he hopes soon to publish full details, with 
illustrations, of these very important researches. 
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crystal and the outgrowths extinguishing together (fig. d). Dr. 
Haworth’s illustrations of these phenomena are so excellent that I 
prefer to reproduce them rather than to select from numerous simi- 
lar cases that have come under my own observation. It is true 
that Dr. Haworth does not take the view that these secondary 
outgrowths were formed after the solidification of the mass, but 
rather that “in the process of cooling the felspar-crystals were formed 
and floated about in the magma for some time, as the porphyritic 
felspars do in the magma of a porphyry” *. After the proofs I have 
now given that such secondary growths can and do take place in a 
rock-mass, long after it has become solid, the objections raised by 
Dr. Haworth to this explanation disappear. 

When it is remembered how crystals are developed in the midst 
of solid rock-masses, during contact-metamorphism, this growth of 
crystals in solid igneous rocks ought to occasion no surprise. 

My friend Prof. G. H. Williams—in whose laboratory have been 
carried on so many researches haying an important bearing on the 
questions discussed in this paper—has in his various memoirs and 
also in private correspondence called my attention to phenomena 
which seem at first sight to be inconsistent with the theory of 
schillerization which I have propounded. He refers to the case of 
felspar-crystals which contain a central mass filled with inclusions, 
but in which an outer zone is seen quite free from such inclusions. 

I have studied many such cases, and in some of them have been 
able to prove that the clear outer zone is really a secondary outgrowth 
to the crystal. I have found what I think is indisputable evidence 
that the outer portion of a crystal may be removed under one set 
of conditions, and that under other conditions its growth has recom- 
menced again; just as a crystal of alum would behave if first taken 
from a saturated solution and put into warm water, and then after 
a certain interval transferred again to the original or some other 
saturated solution of an alum. 

I must postpone to a future occasion the discussion of the exact 
nature of the operations which result in the formation of the different 
varieties of micropegmatitic, centric, pseudospherulitic, and miaro- 
litic structures, respectively. In all these cases, I believe, I shall 
be able to show that, in vitreous or imperfectly crystallized material, 
the instability which exists has permitted the formation in the 
solid rock of outgrowths to preexisting stable crystals. 

I shall show that there is every gradation from a glassy ground- 
mass to one characteristic of the so-called granophyric rocks, and 
prove that the characteristic structures of those rocks must be 
attributed to secondary rather than to primary devitrification. The 
cavities found in the “ miarolitic ” or drusy granites—which are so 
difficult to account for on any other hypothesis—will be shown to be 
fully explained by the contraction which a more or less glassy 
ground-mass has undergone during devitrification. 


* Loc. cit. pp. 15-16. 
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8. BEARING OF THESE CONSIDERATIONS ON THE PROBLEM OF THE ORIGIN 
oF FoLiATION IN THE MetAmorpPuIC Rooks. 


It is scarcely necessary to point out the important bearing of this 
principle of the growth of crystals—and especially of felspar-crystals 
—in solid rock-masses upon the great question of the origin of folia- 
tion in rocks, a question in the discussion of which the Fellows of 
this Society have taken so prominent a part. 

That, as the result of contact-metamorphism, many well-defined 
mineral species are developed in the midst of solid rocks, the crystals 
erowing at the expense of and deriving their materials from the 
surrounding detrital fragments, has long been recognized. These 
phenomena find many beautiful illustrations in the so-called ‘spotted 
schists.” I hope to be able to show, on a future occasion, how large 
a part a similar action plays in producing the characteristic structures 
of many fresh and apparently unaltered igneous rocks. 

The founders of the theory of dynamo-metamorphism—Scrope 
and Darwin—very clearly perceived that in the study of igneous 
rock-masses which have been subjected to movements and internal 
stresses, we find alike the clearest analogies and the simplest and 
most readily studied examples of the processes which go on during 
the production of foliation in rocks. Those who have done most 
towards establishing the theory on its present firm basis, by tracing 
with the aid of the microscope the actwal changes which the minerals of 
rocks undergo while the development of foliation is in progress—and 
lespecially refer to the beautiful researches of Lossen and Lehmann 
and those of students of petrography who, like Dr. Reusch in 
Scandinavia, Prof. Williams in America, and Mr. Teall in this country, 
have sought to follow in their steps—have skilfully and patiently 
pursued the same methods. 

Charles Darwin was able to show, by the aid of a pocket-lens and 
blowpipe only, that in a holocrystalline lava in the Island of 
Ascension which had been subjected to powerful internal mechanical 
stresses, the felspar, augite, and magnetite had separated from the 
glassy mass in distinct and parallel folia*. He clearly perceived, 
what some in more recent years have quite failed to realize, that 
mechanical force per se is wholly incompetent to produce a true 
foliation in rocks; but that the mechanical force becomes really 
effective by determining and controlling the operations of chemical 
affinity and crystallization; and it is by these that the metamor- 
phoses of the minerals in rocks are brought about which result in 
the development of the foliated structure. 

The more carefully these metamorphoses of the minerals in rocks 
are studied, and the more clearly it is perceived that the whole 
structure of deep-seated rocks may undergo a complete transforma- 
tion, during such metamorphoses of their constituent minerals, the 
less difficulty will be felt in accepting the teachings of Scrope and 


Migs Darwin’s ‘ Volcanic Islands,’ published in 1844, p. 56 (p. 64 of reprint issued 
in 1876). I have studied Darwin’s original specimens with the microscope, and 
can confirm the wonderful accuracy and acumen of his researches. 
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Darwin, which have in recent years received such valuable illus- 
tration from the admirable researches of Lossen, Lehmann, and many 
other petrographers. 


EXPLANATION OF PLATE VII. 


Outgrowths to felspar-crystals in labradorite-andesite, Dun da Ghaoithe, 
Isle of Mull. 


Fig. 1. Crystal of felspar as seen, magnified 25 diameters, by ordinary light. 
The contrast between the original crystal with its numerous cracks 
(some of which show incipient kaolinization along their sides) and the 
comparatively fresh and irregular outgrowths of secondary origin is 
very clearly seen. 

2. The same crystal as seen with crossed nicols. The difference of the 
extinction-angle between the central core and the surrounding secondary 
fringe causes the latter to remain light, while the former, except where 
traversed by twin-lamellez, is dark. It is very noticeable that newly 
deposited felspar-substance filling the cracks of the original crystal 
extinguishes with the outer fringe. 

3. Another crystal of felspar as seen magnified 75 diameters. The great 
extent of the outgrowths, as compared with the original rounded grain 
of felspar,is very striking ; asis also the very irregular development of 
the secondary fringe. The crystal is represented as seen with crossed 
nicols, the stage being rotated into such a position that the zone of 
extinction, traversing the portions of the crystal which have the same 
chemical composition, lies in the midst of the secondary outgrowth. 
As the stage is gradually rotated this zone of extinction is seen to pass 
slowly and progressively outwards, without any kind of break, till it 
reaches the most distant apophyses. Some of these last must have a 
composition very closely approximating to that of albite. 
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SECONDARY OUTGROWTHS TO FELSPAR-CRYSTALS IN 
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I. Intropvuction. 


In the year 1874 I communicated to this Society the results of 
my studies concerning the Tertiary and Older Volcanic rocks of 
Western Scotland, and their relations to the Secondary strata with 
which they are so intimately associated *. The very generous 
manner in which the memoir dealing with those subjects was 
received by this Society—and especially by those who were at that 
time the leaders of geological thought in this country—can never 
be forgotten by me. Such a reception lays upon the author of a 
memoir certain very obvious responsibilities. In the event of serious 
and fatal errors being indicated in his observations or reasoning, it 
is clearly his duty to come forward and frankly withdraw the state- 
ments to which this Society has given such wide currency. It is 
equally incumbent upon him, should his premises and conclusions 
be openly challenged on what seem to him to be insufficient grounds, 
to undertake the task of re-examining and, if necessary, of defending 
his views. 

It may not perhaps be out of place to remark that my work in 
Scotland, to which were devoted five years of heavy labour and 
careful research, was one that taxed to the full the powers of a 
private individual. It involved the examination of the physical 
relations and the discussion of the paleontological characteristics of 
the whole of the rocks of the Highlands between the Old Red Sand- 


* Quart. Journ. Geol. Soc, vol. xxx. (1874), pp. 220-302. 
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stone and the Glacial deposits. Of these formations, it may be 
remembered that the strata of Carboniferous and Cretaceous age 
had remained wholly unrecognized before my studies commenced ; 
while, with respect to the age and relations of the several members 
of the Triassic and Jurassic systems, as well as concerning the great 
masses of igneous rocks, very confused and inaccurate ideas prevailed. 
I may add that the country in which these rocks are exhibited was 
at the time quite destitute of any reliable maps upon which the 
observations of the geologist could be accurately recorded. Under 
these circumstances, | may claim that my work should be judged, 
I will not say with indulgence—for such I do not ask—but with 
that fair consideration which pioneer labour in our science has 
always received at the hands of those who constitute this Society. 
If the great outlines of the subjcct were faithfully traced, and the 
true bearings of the leading facts were rightly appreciated, I submit 
that this was all that could be expected under the circumstances, as 
it was certainly all that I hoped to be able to accomplish. 

During the last fifteen years it has been my endeavour to fill in the 
sketch, of which the outlines had, I believe, been accurately drawn, 
and to correct or supplement those points of detail upon which my 
information was defective; and I trust that, in doing so, I have 
shown no reluctance to confess omissions or mistakes of which I 
may have been guilty. 

My original intention had been to confine the series of memoirs on 
“The Secondary Rocks of Scotland ” to the description of the strati- 
fied deposits ; but when I came to study the relations of these to the 
igneous masses in the Western Isles of Scotland, I found that such 
very serious errors had been made in the interpretation of the latter, 
as to necessitate the preparation of a general sketch of what appeared 
to me to be their true relations. In justification of this course, I 
am compelled, in consequence of statements that have recently 
been made, to refer to the literature bearing upon the subject which 
was in existence when I commenced my task in 1871. 


Il. Views WHICH WERE MAINTAINED PREVIOUS To 1874. 


The very able geologist, mineralogist, and chemist, Dr. John 
Macculloch, early in the present century, gave a most admirable 
account of the igneous rocks of the Western Isles of Scotland. He 
clearly perceived and distinctly pointed out the fact that the granites 
and gabbros of the area constitute, with the felsites and basalts, one 
great contemporaneous series of rocks—a series which, as a whole, 
overlies and is younger than the Secondary strata of the district. 
He noticed the apparent interbedding of these igneous rocks with 
Oolitic and Liassic strata; but he clearly demonstrated that in all 
such cases the igneous masses are really intrusive in, and therefore 
younger than, the Jurassic rocks *. 


* Macculloch’s observations were published in the First Series of Transac- 
tions of this Society, and afterwards in fuller detail in his classic ‘ Description 
of the Western Isles of Scotland, 3 vols. with plates and maps (1819). 
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In 1851 the Duke of Argyll brought forward the evidence of the 
plant-remains of Ardtun, which Professor Edward Forbes correctly 
interpreted as proving the Tertiary age of the basalts with which 
they were intercalated *. 

Unfortunately, as the result of a hasty yachting-cruise in the 
Western Isles, Prof. Forbes at the same time suggested, though 
with much reserve, that the basalts of Loch Staffin might possibly be 
contemporaneous with the associated Jurassic strata f. 

In the year 1858 Dr. Archibald Geikie published his first memoir 
dealing with the igneous rocks of the Hebridest. In this memoir 
the most serious charges were brought against Dr. Macculloch, his 
veracity was impeached, and an attempt was made to throw dis- 
credit upon the whole of his geological observations §. The author, 
as the result of his own studies, maintained that the granitic rocks 
of central Skye belong to two different periods. He noticed the 
peculiar rocks of Cnoc nam Fitheach, but failed to recognize that 
they are masses of volcanic agglomerate. 

The same author, in 1861, published a paper devoted to the full 
consideration of “‘ the Chronology of the Trap-Rocks of Scotland ” ||. 

This memoir, which is illustrated by a map and section, aims at 
substituting for the conclusions of Macculloch the following pro- 
positions :— 

(1) The gabbros (“ hypersthene-rock”) of Syke are of metamor- 
phic origin and of Laurentian age. 

(2) The great mass of the igneous rocks of the Western Isles 
are of Oolitic age, and this is also the age of the numerous dykes 
traversing Southern Scotland and the North of England. 

(3) In Mull, however, there occur certain basalts which were 
erupted during the Tertiary period. 

In 1865 the same author published a work 4 in which the Lauren- 
_tian age of Skye gabbros, and the Oolitic age of the great mass of 
the basalts of the Western Isles of Scotland, is still maintained. 

Two years later appeared a memoir from the same hand, in 
which it is admitted that, so far as Mull is concerned, the reference 
of the great masses of basalts to the Oolitic period was a mistake, 
and that they really belong to the Tertiary **. 

Still later, in 1871, a very admirable account of the geology of 
the Island of EHigg, by the same author, was preceded by a state- 
ment of his general views concerning the relations and age of the 
igneous rocks of the Western Isles of Scotland. It must be pointed out 
that in this general statement, while the Tertiary age of all the basaltic 


* Quart. Journ. Geol. Soe. vol, vii. (1851), pp. 89 and 103. 

t Loe. cit. p. 108. 

t Lbid. vol. xiv. (1858), pp. 1-28. 

§ Loc. cit. pp. 3-4. I have shown on a former occasion that these very grave 
charges against one of the great pioneers in British Geology are entirely ground. 
less. See Quart. Journ. Geol. Soc. vol. xxxiv. (1878), p. 700 (footnote). 

|| Trans. Roy. Soc. Edinb. vol. xxii. (1861), pp. 633-753. 

€ ‘The Scenery of Scotland viewed in connection with its Physical Geology,’ 
with a Geological Map (1865). 

** Proc. Roy. Soc. Hdinb. vol. vi. (1867), p. 71. 
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rocks is maintained, no reference is made, either in the text or in 
the table given, to the gabbros of Skye, which, as we have seen, 
had always been held by the author to be metamorphic rocks of 
Laurentian age. The gabbros of Mull are doubtfully referred to as 
being basaltic lavas which have undergone metamorphism *. 

In the same year, 1871, Prof. Zirkel published his admirable 
‘‘Geologische Skizzen von der Westkiiste Schottlands” +, con- 
taining a very excellent account of the petrology of the district. 
In treating of the age and relations of the various rock-masses of 
igneous origin, he unfortunately took Dr. Geikie as his guide rather 
than Dr. Macculloch; and as Zirkel’s work has become classical, 
owing to the excellence of his petrographic descriptions, the erro- 
neous representations of the relations and ages of the igneous rocks 
given in it have been extensively copied and very widely circulated. 
Hyen atthe present day most foreign manuals of geology continue 
to reproduce these admittedly erroneous statements concerning the 
age and relations of the igneous rocks of Western Scotland. 

Such was the state of information upon the subject when I took 
up the study of the district, and after several years of continuous 
work upon it, published my paper of 1874. While acknowledging 
the very great assistance I had derived from the writings of Dr. 
Maccuiloch and Professor Zirkel, | was compelled to state that my 
observations led to conclusions at utter variance with those arrived 
at by Dr. Geikie, as indicated above f. 

After an interval of nearly fifteen years, the last-named author 
has issued a memoir § in which, while abandoning his old views and 
adopting in almost every particular the conclusions I had announced 
in 1874, he lays great stress on certain minor points of difference 
between us, and offers a different theoretical explanation of the 
facts from that which I had proposed. 

My object, in the present memoir, is to direct attention to the 
following subjects :— 

First. The conclusions of my paper of 1874 which find support in 
the observations since made by Dr. Geikie and other members of 
the Geological Survey—the results of which are given in the memoir 
referred to ; 

Secondly. The observations which seem to contradict or qualify 
the conclusions at which I arrived in 1874; and 

Thirdly. The alternative theory which has been proposed to 
explain the general relations of the rocks of the district. 


III. ConcLusions ANNOUNCED IN 1874, WHICH HAVE BEEN 
CONFIRMED BY SUBSEQUENT OBSERVATIONS. 


T cannot do better than to state, as succinctly as possible, the chief 
propositions the truth of which I endeavoured to establish in my 


* Quart. Journ. Geol. Soc. vol. xxvii. (1871), pp. 282-283. 

+ Zeitschr. d. d. geol. Gesellsch. Bd. xxiii. (1871), pp. 1-124. 
? t+ Quart. Journ. Geol. Soc. vol. xxx. (1874), p. 223 (footnote). 
* § “The History of Volcanic Action during the Tertiary Period in the British 
Isles,” Trans. Roy. Soc. Edinb. vol. xxxv. pt. 2, pp. 21-184. 
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previous memoir, and point out how far these have been substan- 
tiated, modified, or refuted by the work of the Director-General of 
the Geological Survey and of different members of his staff. 

By far the most important of the results of my study of the 
igneous rocks in the Western Isles of Scotland was the establishment 
of the true relation to one another of the so-called Plutonic and 
Volcanic rocks of that district. Darwin had long before shown 
similar relations to exist between the granites and lavas of the 
Andes ; while Jukes and other writers had insisted upon the grada- 
tion of highly crystalline into glassy rocks as being on @ priore 
grounds probable. But the demonstration that in a particular area 
there exist the data for illustrating the complete transition of 
granitic into glassy rocks, both in the acid and basic series, has 
been regarded not only in this country, but by many foreign geolo- 
gists, such as Suess, Reyer, and Dana, as marking a distinct and 
important addition to geological knowledge. 


A. The Relations between the Plutonic and the Volcanic Rocks 
of the Western Isles of Scotland. 


My conclusions on this subject may be briefly summarized as 
follows :— 

There exist in the Western Isles of Scotland true Plutonic rocks 
(granites and gabbros) exhibiting a perfectly holocrystalline structure, 
and it is possible to trace every gradation from these through 
different microcrystalline and cryptocrystalline rocks into truly 
vitreous ones (pitchstones and tachylytes). The distinction between 
Plutonic and Volcanic rocks—however convenient and necessary it 
may be in practice—is a purely arbitrary one, some lavas being 
more highly crystalline than certain portions of intrusive masses ; for 
the degree of crystallization in each case is determined by the con- 
ditions under which the originally molten masses have been placed. 
(Quart. Journ. Geol. Soc. 1874, pp. 283-248). 


I need not remind the members of this Society that these views— 
though they were very warmly accepted by many fellow-workers in 
this country—were received in many quarters abroad with much 
opposition and even with ridicule. Equally unnecessary is it to 
refer to subsequent papers in which I endeavoured to support and 
defend my conclusions by a reference to other areas, or by giving 
more detailed descriptions cf some of the Scottish rocks *. 

Within the last few years, however, a number of foreign geologists 
have described relations very similar to those which I pointed out 
in Scotland as existing between the Plutonic and Volcanic rocks of 
other areas; and the conclusions which they have arrived at are 
almost identical with my own. ‘This is especially the case with 


* See especially the Memoir ‘‘ On the Ancient Voleano of Schemnitz, Hun- 
gary,” Quart. Journ. Geol. Soc. vol. xxxii. (1876), p. 292, and ‘ Volcanoes, what 
they are and what they teach’ (1881), pp. 53-56; also Quart. Journ. Geol. Soc. 
vol. xli. (1885), pp. 854-418, and vol. xlii. (1886), pp. 49-97. 
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Messrs. Arnold Hague and J. P. Iddings in regard to the rocks of 
the Washoe district *; with Signor B. Lotti in respect to the Elba 
rocks +; and with Prof. A. Stelzner in respect to the rocks of the 
Andes <, previously studied by Darwin. 

It is very gratifying to me to find that in the memoir recently 
published there is the most unreserved and complete acceptance of 
the conclusions announced by me in 1874; and this acceptance is of 
the greater significance when we bear in mind the great difference 
in the views previously maintained by the author of the memoir. 
The studies of the Directer-General of the Geological Survey and of 
different members of his staff have afforded evidence of the most 
unmistakable character that gabbros graduate insensibly into dole- 
rites, and dolerites into basalts, while the last-mentioned rocks pass 
into tachylytes (Trans. Roy. Soc. Edinb. 1888, pp. 122-124) ; they are 
equally satisfied with the proofs that true granites merge insensibly 
through various intermediate forms, called ‘* granophyric” by Rosen- 
busch, into the acid lavas and pitchstones (lec. cit. pp. 145-150) ; 
not less unhesitating is the testimony of the recently published 
memoir to the relation between the textures of the several types of 
igneous rocks in the Hebrides and their geclogical positions. It is 
maintained that the finer-grained varieties occur in the smaller in- 
trusive masses and in the peripheral portions of larger ones (T'. R.S. E. 
1888, pp. 120-147, &c.), and that in many massive lava-streams we 
find rocks of more highly crystalline character than in some of the 
smaller intrusive dykes and sheets (loc. eet. pp. 77, 117, &e.). Finally 
the conclusion is stated that the differences between the gabbros 
and the basic lavas, and between the granites and the more acid 
ones, must be ascribed to the circumstance that the Plutonic rocks 
have consolidated at great depths beneath the surface, and there- 
fore slowly and under great pressure, while the lavas cooling at 
the surface have not been subjected to these conditions (loc. cit. 
p. 140 &c.). These passages may be compared with the general 
account of the relations of the igneous rocks of the district (Q. J. G. 8. 
1874, pp. 233-248). 


B. The Ewvistence of five Great Centres of Eruption, with many 
minor and scattered Vents in the Western Isles of Scotland. 


My conclusions on this subject, as given in 1874, may be stated 
briefly as follows :— 

There exist at five well-marked centres—namely, Mull, Ardna- 
murchan, Rum, Skye, and St. Kilda—clear evidence that eruptive 
action on a grand scale took place. This evidence is as follows :— 

(1) There occur enormous masses of lava, of both acid and basie 


* “On the Development of Crystallization in Igneous Rocks of Washoe, 
Nevada,” U. S. Geol. Surv. Bull. No. 17 (1885). 

+ ‘Memorie descrittive della Carta Geologica d'Italia,’ vol. ii. ; ‘‘ Descrizione 
Geologica dell’ Isola d’ Elba” di B. Lotti, R. ‘Com. Geol. d’ Italia (1886). 

t Beitra age zur Geologie und Palaontologie der Argentinischen Republic 
(1885), pp. 198-213. 
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composition—successive currents being piled upon one another to a 
great thickness. 

(2) Vast deposits of volcanic agglomerate (scoria and dust) are 
found, sometimes containing many blocks of non-volcanic materials, 
and thus passing into breccias, which are composed of materials 
derived from rocks underlying the centres of eruption. 

(3) Numerous intrusive masses, frequently nearly horizontal in 
their disposition (sheets) and sometimes more or less vertical (dykes), 
are crowded together at these five centres. The largest of these 
intrusive masses, especially the great nearly horizontal sheets, con- 
sist of gabbro and granite, while the smaller ones, the dykes and 
the peripheral portion of the great bosses and sheets, pass into 
dolerites, basalts, and “felstones,” exactly similar to the materials 
of the lava-currents. : 

(4) The basic intrusions tend to form wide-spread sheets, while 
the acid ones assume those more bulky and lenticular forms for 
which the name of “ laccolites ” has since been proposed by Gilbert. 

(5) Both the sedimentary and the igneous rocks, among which 
these masses are intruded, afford very striking illustrations of con- 
tact-metamorphism around the intrusions. 

(6) Many minor centres of eruption exist in the area, of which 
the examples of S’Airde Beinn * (Sarsta Beinn) and Beinn Hiant 
(Beinn Shiant) are described as being among the most striking and 
typical. 

It is interesting to find every one of these conclusions adopted and 
confirmed in the memoir lately published. 


(1) With respect to the centres of eruptive action, it is only neces- 
sary to turn to the table of contents of the memoir recently pub- 
lished to perceive that the display of volcanic activity and the 
development of intrusive masses are alike recognized as occurring 
at just the five points indicated in 1874. (See the description of 
these phenomena, T. R. 8. E. 1888, pp. 84-100, 122-175, and com- 
pare it with Q.J.G. 8. 1874, pp. 242-270.) Near one of these great 
centres, that of Mull, the piled-up lava-streams are asserted, in 
spite of the great denudation they have suffered, to attain a thick- 
ness of over 3000 feet. (See T. R. 8S. E. 1888, p. 91.) 

(2) With respect to the vast masses of volcanic agglomerate at 
the several centres of eruption, an attempt is made in the recent 
memoir to minimize their importance. It will be sufficient for my 
purpose to point out the descriptions given of the tuffs of Antrim 
(T. R. 8. E. 1888, p. 87 et seq.), of Mull (did. p. 83), of Rum 


* In 1874 the only maps available for geological purposes were the Admi- 
ralty Charts (in which only the parts adjacent to the coast-lines are shown 
in detail) and some very defective maps issued by private individuals. In all 
of these a more or less phonetic spelling of the Gaelic names was adopted. In 
the admirable maps of the Ordnance Survey, which have since been issued, the 
correct spelling of the Gaelic is given; but many of the names, as now written, 
have a very unfamiliar appearance to English readers. To avoid confusion, I 
have placed the old spelling in brackets after the new ones employed on the 


maps. 
Qe2 
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(ibid. p. 134), and of Skye (ibid. pp. 97, 98, 109, &c.). Especially 
significant is the admission that in Strath we have evidence of whole 
mountain masses of volcanic agglomerate, and the belief of the author 
of the memoir that these indicate the existence of a great funnel 
or vent, originally filled with these materials, which was no less 
than two miles in diameter (ibid. p. 108). These accounts may be 
compared with those which I gave in 1874 (see Q. J. G. S. 1874, 
pp. 239-242 et seq.). Especially close is the agreement between 
the account given of the volcanic breccias of Rum (compare 
T. R. 8. E. 1888, p. 1384, and Q.J.G.8. 1874, p. 253). It is 
perfectly true, as was pointed out in 1874, and insisted upon in the 
recent memoir, that at a distance from the great centres of eruption 
the lava-sheets are usually separated only by thin and unimportant 
layers of tuff. 

(3) The great intrusive masses so often presenting a horizontal 
disposition and pseudo-stratification, exhibiting evidence of successive 
extrusion, and the phenomena of segregation or contemporaneous 
veins, were described in 1874 (see Q. J. G.S. 1874, pp. 238-252, 
and pl. xxii. figs. 1,3,4, 5). All the details are fully confirmed 
in the recently published memoir (T. R. 8. E. 1888, pp. 111-143 and 
151-164). 

(4) In 1874 Mr. Gilbert had not described the interesting phe- 
nomena to which he proposed to give the name of “ laccolites ;” 
but the lenticular form of the great felsitic intrusions was clearly 
pointed out in my paper (Q. J. G. 8. 1874, pp. 268, 269), and the 
concentric structure of some of the more acid rock masses, so closely 
resembling the internal character of the domitic Puys in Auvergne, 
was also indicated (compare Q. J. G.S. 1874, p. 245 (footnote), and 
DR. Se, 1885, p.) 162): 

(5) The evidences of metamorphism produced in both sedimen- 
tary and volcanic rocks by the great intrusive masses, which was 
pointed out in 1874, is very clearly and fully described in 1888 
(compare Q. J. G. S. 1874, pp. 251, 252, &., and T. R. S. E. 1888, 
pp- 101-103, 138, 165-167, &c.). 

(6) The very full accounts of later eruptions, like that of S’Airde 
Beinn (Sarsta Beinn) and other smaller outbursts composed of dif- 
ferent kinds of acid and basic rock, and seen bursting through the 
basalt of the great plateaux, as given in the recent memoir, are in 
full accord with the earlier descriptions (compare Q. J. G. S. 1874, 
pp. 260-267, and T. R. 8. E. 1888, pp. 101-103, 177, 178, &c.). 


C. The Subaerial Origin of the Lavas and Tuffs, and the Tertiary 
Age of both the Plutonic and the Volcanic Rocks. 


My conclusions on these subjects may be summarized as fol- 
lows :— 

(1) There is a total absence of any contemporaneous marine de- 
posits intercalated among the lavas of the district ; but, on the con- 
trary, we find many unmistakable proofs that the lavas and tuffs 
were ejected under subaerial conditions. These proofs consist in the 
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presence between the successive lava-flows of burnt soils (‘¢ laterites ” 
of some authors) ; of beds of lignite, with the remains of terrestrial 
vegetation ; of sheets of volcanic mud ; of river-gravels ; and of cha- 
racteristic lacustrine deposits—including beds of iron-ore analogous 
to the well-known “ lake-ores ” of Sweden. 

(2) While some of the igneous rock-masses are of strikingly 
fresh appearance and unaltered character, others exhibit the most 
unmistakable evidence of having undergone remarkable changes, so 
that they have come to resemble the igneous products of far older 
geological periods. There is the clearest evidence, however, that 
the whole of the igneous rocks, gabbros, and granites, equally with 
basalts and “felstones,” are of Tertiary age. 


(1) The conclusion as to the subaerial origin of the volcanic rocks 
of the Western Isles is fully borne out by the detailed memoir just 
published (see I’. R. 8. H. 1888, pp. 87-39). This confirmation is 
particularly important at the present time. 

My friend Dr. EK. Reyer, in his recently published very valuable 
‘Theoretische Geologie,’ has argued that the highly crystalline cha- 
racter of the gabbro- and granite-masses of the Western Isles of 
Scotland must be the result of “ hydrostatic pressure,” and that the 
weight of overlying and permeable rocks could not possibly account 
for the production of the granitic texture. He therefore insists 
that the more highly crystalline portions of the Hebridean eruptions 
must have been of submarine origin, and contemporaneous with the 
marine Mesozoic strata among which they lie *. 

On the other hand, M. Loewinson-Lessing, adopting a view very 
generally held in Germany that the ophitic structure—which I have 
shown to be so characteristically exhibited by the basaltic lavas of 
Western Scotland—is distinctive of the diabases, has argued that 
this structure is the result of the outflow of lavas of basic compo- 
sition under a considerable pressure of sea-water ‘. 

That the ophitic, or ‘“ diabasic ” structure, as some authors prefer 
to call it, is found both in Iceland and in Scotland in rocks which 
were extruded in Tertiary times and under subaerial conditions has 
been maintained both by M. Bréon and by myself, and I am happy 
now to be able to fortify my own position by the testimony of the 
officers of the Geological Survey. 


(2) With respect to the Tertiary age of the gabbros and granites, 
as well as of the basalts and “ telstones,” the evidence brought for- 
ward in the recently published memoir is equally conclusive (T. R. 
S. E. 1888, pp. 84, 182). 

It is impossible, in view of discussions which have taken place 
upon the subject, to. overestimate the importance of the admissions 
now made. 

Dr. Sterry Hunt and others have frequently quoted the case of 
the so-called ‘‘ Norites” of the Western Isles as supplying evidence 


* Theoretische Geologie von Dr. H. Reyer (Stuttgart, 1888), p. 371. 
Tt Bull. de la Soc. Belge de Géol. &e., tome ii. (1888), pp. 84-87. 


196 PROF. J. W. JUDD ON THE TERTIARY VOLCANOES 


that this particular class of rock is characteristic of the Laurentian 
erlod. 

, On the other hand, the accuracy of the conclusions announced by 

me in 1874 has been again and again disputed, on the ground that 

the basalt and gabbros had been severally referred to the Jurassic 

and Laurentian systems. 

In the year 1874, Mr. Allport, in his classical paper on the 
British Carboniferous Dolerites *, showed conclusively that many of 
the basaltic rocks of Paleozoic age were as fresh and unaltered as 
many Tertiary lavas. In the paper which I published in the same 
year, it was pointed out that many of the rocks occurring among the 
Tertiaries present all the characters which would, if found among 
older rocks, cause them to be classed as “ porphyrites,” ‘ mela- 
phyres,” ‘‘diabases,” &c. It is therefore satisfactory to find that 
the author of the recently published memoir is able to testify that he 
has “been unable to recognize any essential difference of structure 
or composition” between the Tertiary igneous rocks and those of 
far earlier geological age (T. R. 8. E. 1888, pp. 74, 145). 


IV. Conciusrons ANNOUNCED IN 1874, wHIcH ARE DisPUTED IN 
THE RECENT Memorr. 


There are several points of detail in which it is asserted that the 
results obtained by recent studies are at variance with those stated in 
1874. In some of these cases I am perfectly willing to confess that 
Y fell into error; but in others I shall certainly be able to show that 
the mistake has not been on my side. As none of these minor 
details in any way affects the main questions at issue, I may, for the 
present, pass them by. 

There are two contentions in the recent memoir which do, how- 
ever, more or less seriously affect the conclusions which my memoir 
of 1874 aimed at establishing, One of these is a matter of fact and 
of observation—namely, the relations between the different kinds of 
igneous rock-masses in the district; the other is a subject of in- 
ference and theory—namely, the explanation that is to be given of 
what I have shown in the preceding pages to be now mutually 
admitted facts. JI will take up these two questions in the order 
named. 


A. The General Order in which the several Varieties of Igneous 
Rocks were erupted. 


The memoir of 1874 stated that, as a whole, the more acid rocks 
of the district were erupted before the more basic ones; but that 
after the extrusion of the great mass of the basaltic lavas there 
were numerous sporadic outbursts, and, as the result of these, various 
acid and intermediate varieties of rock made their way to the sur- 
face (see Q. J. G. 8. 1874, pp. 272 &ce.). 

It may be pointed out that this conclusion was not one for which 


* Quart. Journ. Geol. Soc. vol. xxx. (1874), pp. 529-566. 
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I was primarily responsible. As I stated at the time, Professor J. 
D. Forbes, in 1846, brought forward evidence which he believed 
showed that the ‘hypersthene-rocks ” (gabbros) are intrusive in, 
and therefore younger than, the granites*; and Professor Zirkel, 
in 1871, arrived at the same conclusion. I certainly found evi- 
dence in the central part of Mull and elsewhere which J think is con- 
clusive on the point; and the responsible officers of the Geological 
Survey of Ireland, two years later, published an account of the rela- 
tions between the acid and basic rocks in County Antrim which 
are in striking agreement with these results ¢. 

The recently published memoir, however, aims at showing that, 
both in the Western Isles and in Antrim, the granitic and other 
acid rocks are younger than the gabbros (T. R. 8. EH. 1888, pp. 151- 
lice. ). 

I must here, however, point out an unfortunate misunderstanding 
into which the author of the recent memoir has fallen with respect 
to my views concerning the relations of the different volcanic rock- 
masses. 

Though I have insisted that the acid lavas (felstones) were, as a 
whole, ejected before the basic ones (basalts), yet I most clearly and 
emphatically pointed out that the great masses of granite are intru- 
sive in, and therefore younger than, the great mass of the felstone- 
lavas. In proof of this I gave a section, seen at the summit of Beinn 
na Duatharach (Beinn Uaig), in the Island of Mull (Q. J.G.8. 1874, 
p. 246, fig. 1), which, with its legend, as given in 1874, is exactly 
reproduced on the next page (p. 198). 

I cannot help thinking that much of the difference of view ex- 
pressed in the recent memoir, as compared with the paper of 1874, 
is due to the employment of the same terms with a different signifi- 
cation. 

At the very outset cf my paper I stated that I should employ 
petrographical names (with certain specified exceptions) exactly as 
they were defined in Prof. Zirkel’s admirable ‘ Lehrbuch der Petro- 
eraphie’ (Q. J. G. 8. 1874, p. 233). I described my “ basic, 
basaltic, or pyroxenic” rocks as in all cases containing olivine 
(Q. J. G. 8. 1874, pp. 2383-236 &e.), and I used the old English 
name of “felstones” as a convenient one for all lavas in which 
olivine was not an essential constituent. In employing the term 
* felstone” I desired to make it serve as a field-geologist’s name for 
very varied types of rock, more acid than the olivine-basalts, which 
I saw would require much time and labour to be expended upon 
them before exact diagnosis was possible. In the present chaotic 
condition of petrographic nomenclature, opinions will no doubt 
differ as to the desirability of limiting the definition of basalt in the 
manner indicated. ‘Two years later I pointed out the desirability of 


* Hdinb. New Phil. Journ. new ser. vol. xl. (1845-6) p. 86. 

t Zeitschr. d. d. geol. Gesellsch. Jahrg. 1871, p. 90. 

+ Geol. Surv. Ireland. Memoir on Sheets 21, 28, & 29 (1876), p.17. Doubt 
has now been thrown on the accuracy of these maps and memoirs by the author 
of the recent memoir (T. R. 8S. E. p. 171, footnote). 
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removing from the acid rocks the less highly silicated types which 
had all been included under that head by Bunsen, Durocher, Cotta, 
and others, and erecting them into a group by themselves *—the 
“intermediate” rocks. But I think that I cannot fairly be charged 
with leaving in doubt the sense in which I employed the term 
basalt in the year 1874; and I have since described these “ ophitic 


Rocks forming the Summit of Beinn Uaig, Isle of Mull, 
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a. Felstone-lavas, with agglomeratest. 
b. Syenite-granite, graduating into felsite. 


olivine-basalts” of the district in considerable detailt. I was very 
careful to point out that many of my “felstones” are as dark- 
coloured as the basalts, but that they might be distinguished by their 
macroscopic as well as by their microscopic characters (Q. J. G. 8, 
1874, p. 236). 

Many of the cases cited in the recently published memoir as intru- 
sions of granite and felsite into basalt—and on which so much stress 
is laid—will, I think, be found to be, as at Beinn Uaig, intrusions 
into the dark-coloured ‘“ felstones” of my first period of eruption §. 

I undoubtedly stated that, as a whole, the great ejections of acid 
material, both as intrusive masses and as lavas or tufis, took place 
before that of the gabbros and basalts. But considering how vast a 


* Quart. Journ. Geol. Soc. vol. xxxiii. (1876), p. 295. 

+t These “felstone-lavas” are of very dark grey, almost black colour, and 
might easily be mistaken for basalts. Microscopically studied, however, they 
are found to present the very closest analogies with the rock described by 
M. Bréon from near Stikkisholmur, Iceland (see his Géologie de l’Islande &c, 
p- 23, pl. in. fig. 1). This rock, which, like that of Beinn Uaig, contains no 
olivine, but has a microstructure very similar to that of many andesites, is 
classed by Bréon as an “augite-andesite.” In the second edition of his 
‘Massigen Gesteine’ (1887), p. 687, Professor Rosenbusch adopts this reference 
of the Stikkisholmur-rock to the augite-andesites, and compares it with rocks of 
a similar type described by Forstner in Pantellaria. The “syenite-granite” is 
the usual drusy (miarolitic) granite of the district, which graduates through 
various granophyric modifications into a distinctly rhyolitie rock. 

t Ibid. vol. xhii. (1886) p. 49. 

[§ A reference to the discussion which followed the reading of this paper will 
show that the author of the memoir of 1888 groups together the andesites and 
basalts as distinct from the acid rocks. See p. 219.] 
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period of time must have been covered by these Tertiary volcanic 
outbursts, and how enormous is the thickness of volcanic materials, 
it would not be at ail surprising to find that some intrusive granites 
may have been ejected at a later date than some of the earlier- 
formed basalts and gabbros. I have, moreover, always contended 
that some ejections of acid materials belonged to a third period, 
later than that of the ejection of either the felstones or the basalts. 


There are many observations made by the author of the recently 
published memoir which, while they are strikingly confirmatory of 
the view that the acid rocks are, as a general rule, older than the 
basic ones, appear to me to be quite irreconcilable with the opposite 
opinion. 


Thus it is stated that *‘ there are two horizons on which protrusions 
of acid materials have been specially abundant. One of these is the 
base of the bedded basalts of the plateau, the other is at the bottom 
of the thick sheets of gabbro” (T. R. 8. E. 1888, p. 176). Abundant 
evidence is given in many parts of the memoir of this significant 
tmeumstance (loc. cut. pp. 116, 117, 172, 173, &c.). 

It will, of course, be seen that this fact of the infraposition of 
the acid to the basic rocks points to the earlier age of the first- 
named rocks; and the author of the memoir in one case mentions an 
acid rock which is apparently split up by ‘“‘a sill of dolerite” (loc. 
cit. p. 173). But in this and all similar cases he rejects the facts 
which seem to point to the priority of acid to basic rocks, and falls 
back on the explanation that the acid rocks have a “ tendency ” to be 
intruded just in the positions they would occupy if they were older 
than the basic ones (/oc. ct. p. 172). Icannot myself accept the view 
that the acid rocks are in all these cases of an intrusive character. 


Again, the author of the recent memoir is compelled to admit 
that abundant fragments of felsitic materials occur in the agglome- 
rates alternating with the streams of basaltic lava (loc. cit. pp. 81, 
82, 83, 108, 156, 157, &.). 

Now this fact, which I had myself frequently observed—especially 
taken in conjunction with the circumstance that many of these 
“felsitic” fragments present a markedly scoriaceous character—has 
always seemed to me to be only reconcilable with the preexistence 
of acid lavas from which these fragments were derived. 

This difficulty appears to have been recognized ; but it is suggested 
that the presence of these derived fragments of acid rock among the 
basaltic ejections is to be accounted for by supposing that the frag- 
ments in question were derived from wnejected masses of igneous 
material, that were not actually brought to the surface bodily till a 
much later date! (loc. cit. p. 144). The explanation will be re- 
garded by most geologists, I fear, as a ‘‘ desperate” one. 


Lastly, the author of the recent memoir is compelled to admit 
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that basaltic dykes are found, sometimes in great numbers, tra- 
versing both the granites and the felstones. In the central district 
of Mull it is stated that the vast masses of granite and other acid 
rocks are penetrated by numerous basalt-veins and dykes; and that 
these are, indeed, so abundant that the geologist “ ceases to take 
note of their presence” (see T. R. S. KE. 1888, pp. 158, 159, and 
fig. 50). 


While, however, I cannot admit that the evidence points to the 
conclusion that the acid rocks of the Western Isles are of younger 
age than the more basic ones, there is one point on which I gladly 
take the opportunity of confessing and correcting an error which 
my subsequent study of the country convinces me that I fell into in 
1874. 

It was at that time inferred by me that a considerable interval 
of time must probably have separated the period of the eruption of 
the more acid lavas (“felstones”) from that of the basalts which 
flowed from the great central volcanoes. Now, although the evi- 
dence is often very clear that the acid rocks had suffered a consider- 
able amount of erosion before they were buried under the outflows 
of basalt, yet there are so many other indications of great denudation 
having taken place at different intervals during the whole of the vast 
periods covered by these Tertiary eruptions, that I am no longer 
prepared to maintain the special importance of this particular period 
of quiescence. 

On the contrary, the longer I have studied the district the 
more convincing appears to me to be the evidence of a gradual 
change from the acid to the basic eruptions. Some of the felstenes 
are augite-andesites and labradorite-andesites, but little more acid 
in character than the olivine-basalts of the great plateaux; and 
there are also abundant examples of lavas of more or less acid type 
having been erupted from the central vents from time to time, while 
the basalts were being ejected. But, as I have formerly shown, 
while the extremely liquid basalts flowed to distances of forty or 
fifty miles from their point of origin, the less fluid, acid lavas seldom 
flowed to distances of more than ten miles, and are, consequently, 
found confined to the flanks of the volcanoes from which they 
issued. 

Just as there are examples of “ felstone”-lavas among the basalts. 
so are there cases in which basaltic currents may be found among 
the older ones of more acid composition,—though it seems to me to 
be clear that the acid series was, as @ whole, of earlier date than the 
basic one. The “ pale-coloured felstones of Beinn More,” which are 
claimed by the author of the recent memoir as being posterior to 
the basalts, are, if my interpretation be correct, a part of the older 
volcanic ejections. 

The great mistake which I made in 1874 was, not in insisting 
upon the existence of a great series of ‘‘felstones” underlying the 
basalts, but in not recognizing the fact that these felstones include 
representatives both of the rocks which are more properly desig- 
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nated as acid, and of those for which I, two years later, proposed the 
name of “intermediate” rocks *. 

I hope shortly to be able to describe some of the chief types of 
these rocks of intermediate composition—the lavas, including a great 
variety of andesites, their altered forms (the “‘ propylites”), and their 
Plutonic representatives (diorites and quartz-diorites). When this 
is done, it will be seen how numerous and varied are the different 
types of these rocks which occur in the Western Isles of Scotland, 
and what striking resemblances they present with masses of the same 
age in the Faroe Isles and in Iceland. Still more remarkable are 
the curious modifications which these rocks in Scotland can be 
shown to have undergone from the action upon them of acid vapours 
when they were situated in close proximity to the great central 
vents. 


B. The Existence in the District of great Volcanoes, which have 
been dissected by Denudation. 


While there is such a close and remarkable agreement between 
the conclusions enunciated by the author of the recent memoir and 
those published in 1874, with regard to the phenomena that may be 
observed in the Western Isles of Scotland; yet, with respect to 
the interpretation of those phenomena and the general theoretical 
explanation of the mutually admitted facts, there is the widest 
possible divergence between that author and myself. 

The generalization which I arrived at in 1874, and to which 
especial exception is now taken, may be stated as follows :— 


The relations of the different rock-masses around the five centres 
of eruption in the Western Isles show that these were the sites of 
five great voleanoes. From their central craters, from parasitical 
cones ou their flanks, and from fissures opened radially around these 
vyoleanoes, numerous eruptions, both of the explosive and the effusive 
type, must have taken place. The data now remaining to us in 
these old Tertiary voleanoes,—which have been admirably dissected 
by denudation,—enable us to make an approximate estimate of their 
dimensions, and to determine the general order of appearance of the 
materials which were ejected at the surface, and were simultaneously 
injected into the solid framework of the volcano itself or into the 
stratified rock-masses subjacent to them. 


It is gratifying to find that most of the observations upon which 
I based these generalizations are accepted as correct, and, indeed, 
are adopted almost without reserve by the author of the memoir. 


* The statement that though more acid rocks ‘occur abundantly in frag- 
ments in the volcanic rocks and agglomerate of the plateaux, not a single 
instance has been observed of their intercalation as contemporaneous sheets 
among the basalts” (T. R. S. E. 1888, p. 106), is certainly founded on too par- 
tial observation. The statement is qualified later on in the account of an 
andesite lava among the basalts of Higg, and I shall have to describe many cases 
of the saine kind in Mull, Skye, &e. 
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It is admitted that very numerous intrusions of both acid and 
basic rocks took place at just those five centres which were indicated 
by mein 1874—namely Mull, Ardnamurchan, Rum, Skye, and St, 
Kilda (T. R. 8. E. 1888, pp. 84, 122-170). It is agreed that it is 
quite impossible to draw any sharp lines of distinction between the 
materials—whether acid or basic in composition—which constitute 
these intrusions and the lavas which during the same period were 
poured out at the surface (loc. cet. pp. 76-81, 122, 125, 178, &e.). 
The existence of enormous masses of volcanic agglomerates and 
breccias, the result of explosive action near these centres, is granted, 
although an attempt is made to minimize their importance (loc. cit. 
pp. 83, 87, 108, 109, 134). It is even allowed that there is proof 
of a crowding of the vents of eruption in the neighbourhood of these 
five great centres which have been indicated (loc. cit. p. 121). 

Still more significant are the admissions that there is no evidence 
of the outflow of basaltic lavas having ceased before the extravasa- 
tion of the gabbro-bosses, and that it is difficult to suppose that 
none of the dykes ‘‘ communicated with the surface and gave rise to 
outpouring of basalt and the ejection of dust and stones” (loc. cit. 
p. 121). It is granted that “the points of extravasation of the 
materials,” ‘‘ which ultimately solidified as dolerites, gabbros, tro- 
ctolites, picrites,” &c., ‘‘ were mainly determined by the positions of 
the larger or more closely clustered vents of the plateau-period, 
where lines of weakness consequently existed in the terrestrial 
crust. Rising as huge bosses through such weak places, the gabbros 
and associated rocks raised up the overlying bedded basalts, and 
forced themselves between them, forming thus a fringe of finer- 
grained intrusive sills and veins around the central amorphous cores 
of more crystalline material. Whether, in any of these vast domes 
of upheaval, the summit was disrupted, so as to allow the basic 
intrusion to flow out as lava at the surface, cannot now be told, 
owing to the enormous subsequent denudation” (loc. cit. p. 183). 

It is only necessary to grant the very high probability of this last 
suggestion being the true one, to bring the views of the author of 
the recent memoir into complete accord with my own. I have 
argued that the very complete gradation which is now admitted to 
exist between the gabbros of the bosses and the ophitic basalts of 
the plateaux points to the conclusion that—all through the vast 
periods during which the basalts were being poured out at the 
surface, from a central crater or from parasitical vents—masses of 
the same material were finding their way into lower portions of the 
great cone and among the subjacent rock-masses, and consolidating 
in a more highly crystalline form. My critic, on the other hand— 
I fail to see upon what grounds,—asserts that the intrusion of the 
gabbros took place «after all, or nearly all, the basalts had been 
erupted. . 

Lastly, it is admitted that the central subsidence—to which I 
particularly called attention as being similar to that which Darwin 
and other authors had shown to have taken place in the case of 
many volcanic centres of eruption—really occurred in the case of 
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the great volcanic centres of the Western Isles of Scotland (loc. cit. 
pp. 94, 142. Compare Q. J. G. 8. 1874, pp. 256-7). 

So far, indeed, as I have been able to discover, there are three, 
and only three, reasons adduced by the author of the recent memoir 
for rejecting the explanation which I offered of the phenomena in 
1874; and these we may now proceed to consider. 


First. It is said that there is no thickening of the sheets of 

basaltic lava as we approach the supposed central vents (T. R. 8. E. 
1888, pp. 99-100). 
_ I may point out, in answer to this, that I have nowhere suggested 
that the basaltic lava-sheets were thicker nearer their points of 
origin than further away. On the contrary, | have again and again 
insisted upon the striking proofs which exist of the extreme liquidity 
of the basaltic lavas ; and such liquidity would militate against the 
thickening of the lavas as we approach their points of eruption. 
Very liquid lavas of this type exhibit abnormal thicknesses where 
they have flowed into hollows (those of Skaptar Jokull are said to 
have attained a depth of over 600 feet in certain ravines); but I 
know of no observations which would warrant the conclusion that 
a progressive diminution in thickness can be detected in such lava- 
currents as they are traced away from their point of ejection. 
Further, I have insisted that many of the currents of basaltic lava 
must have flowed, not from a central crater, but from parasitical 
cones on the flanks of the great volcanoes, and of such parasitical 
cones I described a conspicuous example in S’Airde Beinn (Sarsta 
Beinn). (See Q.J.G.8. 1874, pp. 264-266, and compare T. R. 8. E. 
1888, pp. 103-104.) 

On the other hand, J have always asserted that, as we approach 
the great centres of eruption, we find the short and bulky andesitic 
and more acid lava-streams increasing in number till they form a 
considerable portion of the whole mass (Q. J. G. S. 1874, p. 248). 
My critic admits the importance of these felstone-lavas in the case 
of Beinn More in Mull, but with respect to other localities he 
appears to have overlooked their great number and significance. 
This seems to arise from the fact that he regards all the masses 
of acid rocks which lie below the basalts in Mull, Rum, Skye, 
and Raasay as being intrusive. He makes the important admission, 
however, that “as we retire from the mountain-tract [that is from 
the great centre of eruption in Mull] into the undisturbed basalts 
of the plateau, these acid intercalations gradually disappear.” (T.R. 
pat. 18838, p. 172.) 

In the account which I propose to give of the remarkably varied 
series of intermediate and acid lavas at the five great centres of 
eruption, I shall show how they graduate insensibly into dioritic and 
granitic types on the one hand; while on the other they exhibit, 
where they approach the great central vents, those curious and 
interesting modifications of their constituent minerals, from the 
action upon them'of acid vapours, which are so characteristic of the 
rocks which have been called “ propylites.” 


204 PROF. J. W. JUDD ON THE TERTIARY VOLCANOES 


Secondly. It is asserted that there is an absence of masses of 
pyroclastic materials (tuffs and dust) such as we should expect to 
find around great volcanic centres. 

In reply to this I may remark that some volcanoes, like those of 
Hawaii, exhibit very little evidence indeed of explosive activity, 
and that their cones are almost wholly built up by successively out- 
welling lava-currents. But, as a matter of fact, there are very 
abundant evidences of explosive action at these great centres. My 
critic has completely adopted the account which I gave in 1874 of 
the agglomerates of Cnoc nam Fitheach in Skye, and of the volcanic 
breccias in the tract lying south of Allival and Barkeval in Rum, 
(See T. R. S. E. 1888, pp. 107 & 134, and compare Q. J. G.S. 1874, 
pp. 253-255.) 

When it is admitted that at one of the great centres of eruption, 
Skye, there are masses of volcanic agglomerate developed on such a 
scale that it is possible to interpret them as indicating the exis- 
tence of a volcanic “ neck ” two miles in diameter ; when, at a second 
centre, Ardnamurchan, one mass of agglomerate (Faskadale), more 
than a quarter of a mile in diameter, is described, and another 
(Maclean’s Nose) more than half a mile in diameter (T. R.S. E, 
1888, p. 106); when, at a third centre, Rum, it is granted that 
volcanic breccias attain a thickness of 200 feet, extending as a con- 
tinuous mass for three miles, and in a more interrupted manner 
much further (loc. cit. p. 134); and when, finally, details of similar 
occurrences are given in the case of a fourth centre, Mull (loc. cit. 
p. 83), it is hard to understand how the deposits of volcanic ejecta- 
menta can be spoken of as being insignificant! 

When the geological surveyors come to study the country in 
detail, they will find how numerous and extensive the beds of tutf 
and agglomerate really are around the great centres. Of course, 
such deposits are not so conspicuous as they would be if not covered 
by taluses of fallen blocks from overlying lavas; and they have, 
moreover, often suffered greatly from denudation,—/irst, from their 
greater softness, and secondly, from their having in many cases 
occupied the highest elevations. Enough of them still remain, how- 
ever, to indicate their character and illustrate their former extent. 


Thirdly. It is said that there is no proof of a communication having 
existed between the great intrusive sheets and dykes of gabbro and 
dolerite, and the currents of basait that were poured out at the 
surface. 

Here, too, I must point out that I have never asserted that any 
such connexion can be directly traced. Following Darwin and 
Jukes, I argued that if the source of an obsidian lava-current could 
be traced down sufficiently far into the bowels of the earth, every 
gradation from glass to granite might be observed. But in the case 
of the Western Isles of Scotland, I stated that the proofs of the 
connexion between the Plutonic rocks and the lavas, necessarily 
inferential, were as follows :— 

The intrusive Plutonic masses, “in their ultimate chemical com- 
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position, coincide perfectly with the rocks composing the lavas ; but 
in the varieties of their texture and mineralogical constitution they 
exhibit a much wider range. Thus while we find veins of basalt in 
which the rock-structure is identical with that of many of the lavas, 
we find also others in which the rock passes into a glass—tachylyte ; 
while others, again, are composed of the highly crystalline, or granite- 
gabbro-rocks. Similarly, felstone-veins are related to those of 
pitchstone and obsidian on the one hand, and to masses of felsite, 
syenite-granite, and granite on the other.” (Q. J. G. 8. 1874, 
p. 238.) 

Not only did I refrain from asserting that an intrusive mass of 
gabbro and dolerite could be traced passing into the basaltic lava- 
current, of which it formed the filled-up duct leading to the surface, 
but in my diagrammatic sections drawn to illustrate what I supposed 
to be the real interpretation of the phenomena, I represented the 
supposed connexion between the great, nearly horizontal sheets of 
intrusive gabbro and dolerite and the superficial lavas by dotted 
lines (see Q. J. G. 8. 1874, pl. xxiii. fig. 3). 

The fact is, | perceived then, as I do now, that only by the most 
extraordinary series of accidents could we expect a mass which has 
consolidated at such a depth as to form a gabbro, to have its con- 
nexion with the lava-current that reached the surface preserved in 
such a way as to permit of the change being followed step by step. 

How fully my critic has adopted, and how clearly he has expressed 
the views which I put forth concerning the actual transitions from 
gabbro into dolerite, from dolerite into basalt, and from basalt into 
tachylyte, I have already pointed out. He states quite truly that 
in the gabbro-bosses “there are evidences of successive discharges 
or extravasations of crystalline materials, during a probably pro- 
tracted period of time, and in the intricate network of veins crossing 
each other, and the general body of the rock in every direction,” 
: a (the geologist) ‘‘ will recognize the repeated renewals of 
subterranean energy.” (T. R.S. E., 1888, p. 130.) 


It will thus be seen that we both believe that the basalts of the 
plateaux and the gabbro-masses around the five great centres were 
alike formed by a number of successive manifestations of the volcanic 
forces extending over enormous periods of time. We are at one 
in the opinion that in chemical composition, and in mineralogical 
constitution, the gabbros and the basalts show the most striking 
analogies; while, in texture, the holocrystalline rocks exhibit re- 
markable transitions into the hypocrystalline ones. But while I 
have argued that the same series of volcanic throes which brought 
the basalts to the surface, may have produced at the same time 
the vertical and horizontal fissures, and injected them with the 
materials of the gabbro, my critic asserts that the gabbro-injec- 
tions belong to a distinct and later period than the outflow of the 
basalts. 

It is scarcely necessary to remark that the explanation I have 
given is by no means inconsistent with the view that many of the 
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younger of the gabbro-bosses may be of later date than the oldest of 
the basalt-flows—those, namely, which have escaped denudation. 
We are equally agreed as to the enormous periods occupied by the 
eruption of the basaltic lavas, and as to the vast amount of denu- 
dation which they have since suffered. 


VY. Tue ALTERNATIVE THeEory oF “ FissuRE-ERUPTIONS.” 


We have now, I think, dealt with the arguments which Dr. Geikie 
brings forward as tending to throw doubt on the theory of the 
origin of the volcanic rocks of the Western Isles of Scotland, which 
was proposed by me in 1874. So far as I can understand them, 
the observations made by the Director-General and the officers of 
the Geological Survey—especially as to the order of appearance of 
the several varieties of igneous rock in the area in question, and in 
the closely related districts of Antrim and Carlingford—are quite 
capable of being completely reconciled with the views I have pro- 
pounded. But Dr. Geikie has, in 1880, proposed a rival theory * ; 
and to this thecry, in support of which a number of arguments are 
now adduced, we must proceed to direct attention. 


A. Can great Basaltic Plateaux be formed by ordinary 
Volcanic Action ? 


It may be well at the outset to consider an @ priori objection 
which has been frequently raised,—in which doubt is thrown 
upon the possibility of thick plateaux of basaltic lava, covering many 
thousands of square miles, having been poured out from ordinary 
volcanic vents. 

Now, in seeking to explain the volcanic phenomena of the Hebrides 
and the north of Ireland, no illustrations drawn from modern 
examples of eruptive activity are likely to be of greater value and 
appropriateness than those derived from the area which comprises the 
Faroe Isles and Iceland, and which stretches away northward into 
Greenland. As I have already shown, those districts form parts of 
a great petrographical province, and the various types of lava 
poured out at successive periods are wonderfully similar throughout 
the whole of the vast area. For some reason, not yet explained, 
however, the eruptive activity, which at the central part of the area 
(Iceland) is still in full vigour, appears to have died out, probably in 
the Pliocene period, both in the northern part of the province 
(Greenland) and at its southern extremity (the British Isles). . 

I know of no valid grounds whatever for doubting that the great 
plateaux of basaltic lava which cover so large an area in Iceland 
have been poured out by a long succession of outflows from ordinary 
‘volcanic vents. Within the comparatively short period covered by 
Icelandic history, we have the example of the eruption of 1783 at 
Varmardalr (usually spoken of as the Skaptar Jokull eruption), 
From the carefully prepared accounts of this eruption, drawn up by 


* ‘Nature,’ vol. xxiii. p. 8 (November 4, 1880). 
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a Danish Commission appointed for the purpose, and which have been 
confirmed by the observations of many travellers who have since 
visited the district, we learn that two streams of very liquid basaltic 
lava having lengths of from 40 to 50 miles, with breadths varying 
from 7 to 15 miles, and an average depth of 100 feet, were poured 
out during this eruption. Professor Bischoff has made a very remark- 
able estimate, which shows that the quantity of material brought 
from within the earth’s crust and spread over the surface in this 
single outburst exceeds the bulk of Mont Blane *. 

It is scarcely necessary to point out that a succession of flows 
of such magnitude as that of Skaptar Jokull, continued through the 
long periods of time covered by the Tertiary epoch, would be amply 
sufficient to produce the great basaltic plateaux of Iceland, without 
calling in the aid of any sudden and overwhelming extravasation ot 
Java, to which we can find nothing approaching a parallel among the 
volcanic phenomena of the present time. 

It is only fair to Dr. Geikie to point out that his own observations, 
and those of other members of the Geological Survey, are clearly 
shown to support the conclusion that the plateaux of basalt in Antrim 
and the Western Isles are built up of a great number of separate lava- 
streams, some of a volume comparable to the lava-sheets of “‘ Skaptar 
Jokull,” others of much smaller bulk, with not a few of quite insig- 
nificant dimensions. 

After pointing out that the thickness of the individual lava-sheets 
in Antrim and the Scottish Isles varies from 60 or 70 feet to only 
6 or 8 feet, Dr. Geikie goes on to say :— 

“¢ Hach bed appears, on a cursory inspection, to retain its average 
thickness, and to be continuous for a long distance. But I believe 
that this persistence is In a great measure deceptive. Itis not often 
that we can follow the same bed with absolutely unbroken con- 
tinuity for more than a mile or two. Even in the most favourable 
conditions, such as are afforded by a bare sea-cliff on which every 
bed can be seen, there occur small faults, gullies where the rocks are 
for the time concealed, slopes of débris, and other failures of con- 
tinuity ; while the rocks are generally so like each other that on the 
further side of any such interruption it is not always possible to 
make sure that we are still tracing the same bed of basalt which we 
may have been previously following. On the other hand, a careful 
examination of one of these great natural sections will usually supply 
us with proofs that, while the bedded character may continue well 
marked, the individual beds die out, and are replaced by others of 
similar character. On the south coast of Mull, for instance, cases 
may be observed where the basalt of one sheet abruptly wedges out 


* Tfit should be asserted, as has sometimes been done, that the Icelandic 
eruptions are themselves not ordinary volcanic outbursts, but ‘‘ fissure-eruptions, ’ 
it is only necessary to refer to the accounts given of the ‘ Skaptar Jokull” out- 
break by the Danish Commission and subsequent authors. The explosive 
action was so violent as to produce phenomena quite comparable to those 
ocvur: ing at Krakatoa in 1883, and lines of cinder-cones were thrown up, just 
as in the eruptions which take place on the flanks of Etna, 
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and is replaced by that of another. Where both are of the same 
variety of rock, it requires close inspection to make out the difference 
between them; but where one is a green, dull, earthy, amorphous 
amygdaloid, and the other is a compact, black, prismatic basalt, the 
contrast between the two beds can be recognized from a distance. 
Again, along the west coast of Skye. the really lenticular character 
of the beds can be well seen.” (T. R. 8. E. 1588, pp. 80, 81.) 

The author goes on to show that the detailed study of the lavas of 
Antrim, where the Geological Survey has been completed, strongly 
supports the same views. 

In reply to those who believe that such basaltic plateaux as those 
of Antrim, consisting of successive lava-sheets, lying almost hori- 
zontally, and piled upon one another to a very great thickness, 
could not possibly have been poured out from volcanoes, I cannot 
do better than point to the example of the Sandwich Islands. And 
very opportunely we have just at the present time new and im- 
portant light thrown upon that interesting district by the vaiuable 
studies of Captain Dutton *, and the still more striking observations 
recently made by the veteran Professor J. D. Danat. Geologists 
all over the world may well hesitate as to which ealls for the 
greater admiration—the vigour and enthusiasm which prompted our 
esteemed Foreign Member to undertake a journey of ten thousand 
miles in order to clear up difficulties left in his original studies of 
the district in 1840—or the new and valuable results obtained by the 
investigations of one who, after nearly half a century of thought and 
inquiry, has returned to the field of his early observations. 

The island of Hawaii, taking only that portion of the mass which 
is at present ahove the sea-level, has an area almost identical with 
that of the basaltic plateau of Antrim, and the rocks composing the 
island, though undenuded, form a great mass, the slopes of which 
seldom, if ever, exceed a few degrees. The individual lava-streams, 
like those of Antrim, are of the most varied bulk and, like them, 
also lie almost horizontally : in many parts only insignificant beds of 
tuff or ash can be detected between the different lava-sheets. Yet 
there cannot be the smallest doubt that this plateau of basalt has 
been formed by ejection from the three great voleanoes—Mauna 
Loa, Mauna Kea. and Hualalai. Either from the summit-craters 
of those volcanoes or from the numerous parasitical vents that have 
been opened upon their flanks have the successive lava-currents,— 
sometimes small and insignificant, at other times forming vast floods 
of molten rock—been poured out. 

The examination of the Antrim-plateau, which has been carried 
on during the last twenty-five years by different officers of the 
Geological Survey, has shown that too much importance must not 
be attached to the, at present, almost horizontal position of the 
several lava-sheets of which it is composed, or to the inclinations 
which they can now be shown to exhibit. The author of the recent 
memoir states that “ the varying dip of the beds must be attributed 

* Fourth Rep. U. S. Geol. Surv. pp. 81-219. 
t Ann. Journ. Sci. 5rd ser. vols. xxxiii.-xxxvil. 
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mainly to post-voleanic movements, or at least to movements which, 
if not later than all the phases of volcanic action, must have suc- 
ceeded the outpouring of the plateau-basalts” (/oc. ct. p. 89). 
I have again and again insisted upon the same fact in the case of 
the basaltic plateaux of the Western Isles of Scotland, and have 
especially dwelt upon the dip of the lava-sheets towards the central 
vents (Q. J. G. 8. 1874, pp. 256-258.), and the correctness of these 
observations the author of the recent memoir appears not only to 
fully admit, but also to adopt, for he says:—‘‘ There appears also 
to have been a general tendency to sagging subsequent to the gabbro 
protrusions, and the inward dip thereby produced has probably been 
instrumental in effacing at least the more gentle outward inclina- 
tions caused by the uprise of the eruptive rock.” (1. R.S. B. 1888, 
p. 142.) 


B. The Age of the Basic Dykes of North Britain. 


The author of the recent memoir, in seeking to give an explanation 
of the volcanic phenomena of the Western Isles of Scotland, begins 
by laying much stress on the great importance of the numerous dykes 
which traverse the central and southern districts of Scotland and 
the North of England. For the sweeping generalization which he 
announces, however, that those dykes or, at all events, the great 
majority of them, were formed during the Tertiary period, I confess 
I can find no evidence. That the great mass of the basaltic dykes 
in the Western Isles of Scotland, and in Antrim, many of which can 
be shown to radiate from the great centres of eruption, are of this 
age, I fully admit; but when the numerous dykes of the Central 
Valley of Scotland, of Fifeshire, of Forfarshire, the Southern High- 
lands, the Borderland, and the northern counties of England are 
all claimed as fissures from which ejections took place in Tertiary 
times, it would have been satisfactory to have had the grounds of 
such a very startling conclusion a little more clearly stated. Such 
_ field-evidence as is available only suffices to prove that while some 
are later than Silurian or Ordovician strata, others are younger than 
Old-Red-Sandstone or Carboniferous times. 

Two sets of facts on the other hand make me think this sweeping 
generalization a very doubtful one indeed. Mr. Allport’s valuable 
researches concerning the Carboniferous Dolerites showed how 
remarkably fresh are some of the basic rocks of this age; and his 
studies also demonstrated the fact that the materials filling many of 
the dykes are perfectly similar to some of the lavas which were 
undoubtedly erupted during the Carboniierous period in the South of 
Scotland. ‘The author of the memoir we are now considering, it is 
true, at one time maintained that at Arthur’s Seat (where some of te 
doleritic lavas of freshest appearance are found) there was evidence of 
eruption having occurred in the Tertiary period; but this conclusion 
he has long since abandoned. I see no ground myself for doubting that 
many, and perhaps the great majority, of the basaltic dykes of the 
Southern Highlands, of the Central Valley of Scotland, of the Border- 
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land, and in the North and West of England are really of Newer 
Paleozoic age, and are connected with the ejection of the very 
similar lavas that were erupted during that period. 

That a few dykes in the North of England which intersect the 
Mesozoic strata are probably of Tertiary age, has long been very 
generally admitted; but, as Mr. Teall has so well shown, the 
Tertiary dykes consist of very characteristic materials (augite- 
andesites or “ tholeites ’’ of Rosenbusch), while other truly basaltic 
dykes in the same district appear certainly to be of far older date. 

That certain dykes, like that of Eskdalemuir, which cannot be 
proved to intersect strata younger than Paleozoic, are probably also 
of Tertiary age, is highly probable, from the similarity of their 
materials to those of the Cleveland and other late dykes; but in the 
large and valuable series of facts brought ferward by the author 
of the recent memoir—in which he summarizes the results of the 
labours of the Geological Survey in the North of England, in Western 
Scotland, and in Ireland—lI fail to find any evidence based either on 
the petrographical character of the dykes, the directions in which 
they run, or any other peculiarities, that we can safely discriminate 
between the Newer Palzeozoic dykes and those which are of Tertiary 
age. Still less can I find any evidence for the confident assertion 
that the great majority of the basic dykes over such a wide area 
must all be of Tertiary age. 

It is an interesting fact, to which I called attention in my original 
memoir, and the full evidence for which I hope shortly to lay before 
this Society, that the materials ejected during the latest eruptions 
in the West of Scotland are augite-andesites (‘tholeites” of 
Rosenbusch), presenting the most striking similarity to the rocks 
of the undoubtedly later dykes in the North of England, described 
by Mr. Teail *. Itis on this ground that I continue to maintain 
that these dykes represent the long radiating fissures which were 
produced after the great central vent became extinct, and that in 
many cases they give rise to lines of cinder-cones with issuing lava- 
streams, similar to the well-known ‘“ puys” of the Auvergne 
(Q.J.G.8. 1874, pp. 260-267). 


C. Insufficiency of these Dyke-fissures as Sources of the 


Plateau-basalts. 


Even if we were to grant the contention that a large proportion 
of the North British basic dykes are really of Tertiary age, I believe 
that the fissures occupied by those dykes are quite inadequate to 
have served as the vents from which such enormous masses as the 
basaltic lavas of the plateaux could have been outpoured. 

I am happy to find that the author of the recent memoir is quite 
at one with myself in regarding the existing patches of these basaltic 
lavas as mere vestiges, which have escaped denudation, of masses 
originally having a far greater thickness and covering a much wider 


* Quart. Journ. Geol. Soc. vol. xl. (1884), p. 209. 
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area. Where only a few scattered islets now remain, we both 
believe that extended and thick plateaux of basalt must have once 
spread over the whole intervening area. I have maintained that, 
away from the great central vents of the district, these basaltic 
lavas formed masses which were, in places, 2000 feet in thickness, 
but that, around the vents, they attained to a far greater depth. 
My critic thinks that even where there were no great vents, the 
plateaux were as much as 3000 feet in thickness! (T. R.S. EH. 
1888, pp. 91, 99; compare Q. J. G. 8. 1874, pp. 244, 255, &e). 

Now even if we accept a large proportion of the basic dykes as 
being of Tertiary age, we must take into consideration several 
very important facts. 

First.—Many of these dykes, for large portions of their course, do 
not, even at the present day, reach the surface at all. This fact was 
long ago pointed out by Winch, and has been confirmed by the obser- 
vations of the Geological Surveyors and of Mr. Teall. The recent 
admirable studies carried on by Mr. G. Barrow in the North of 
Yorkshire have demonstrated the frequency of this upward dying- 
out of the Cleveland-dyke over considerable distances*. But the 
present surface of the country must be many hundreds or thousands 
of feet below that which existed in early Tertiary times; and if we 
could restore the vast masses of rock removed by denudation, the 
abrupt upward termination of the dykes would doubtless be found 
to be of much more frequent occurrence ; and it is of course only 
where the dykes actually reached the old surface early in the Tertiary 
period that they could have served as lava-conduits. 

Secondly.—While a few of these dykes are 50 feet or even more in 
breadth, the great majority of them are of far smaller dimensions, 
many of them, indeed, being quite insignificant; and it has always 
appeared to me difficult to believe that such enormous floods of lava 
could have been erupted through channels so narrow. 

Thirdly.—lf it be argued that even comparatively narrow fissures 
might have given rise to enormous outflows of lava, provided they 
were of the nature of habitual vents, then a fresh difficulty has to 
be faced. In such cases we might surely expect that the long-con- 
tined flow of molten materials through the same channel would 
have given rise to the most striking and profound contact-metamor- 
phism on the sides of the fissure. But this is what we never find to 
be the case; as the author of the recent memoir justly remarks, 
“ evidence of any serious amount of alteration is singularly scarce, 
a slight induration of the rocks on either side of a dyke is generally 
all that can be detected ” (loc. cit. pp. 62, 63). 

It was on these and similar grounds that I long ago rejected the 
suggestion so very frequently advanced by some of the older geolo- 
gists, and which has been revived at various times by my critic, that 
the plateau-basalts or ‘“ trap-rocks ” are masses of igneous material 
which have come up through the dyke-fissures and overflowed the 
surface. In the case of the Western Isles of Scotland, at all events, 


* The Geology of North Cleveland (1888), pp. 60-64. 
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I have shown that it is not necessary to resort to such a i. of 
the origin of ‘ trap-rocks.” 


D. Arguments drawn from the Lava-fields of the Western 
Territories of the United States. 


In the year 1876 the author of the memoir which we are now 
considering published a Geological Map of Scotland, in which he, 
for the first time, publicly renounced the view that the gabbros of the 
Western Isles are of metamorphic origin and of Laurentian age. 
The relations of the igneous rocks to one another, as indicated upon 
this map, were precisely those which I had announced two years 
before. 

But in 1879 the same author, as he himself informs us, undertook 
an excursion to the Yellowstone Park, and, while on his journey to 
that famous locality, observed facts which profoundly modified his 
views concerning the mode of origin of the igneous rocks of his own 
country. Riding across the plains of the Snake River, he was 
struck by the absence of volcanic cones in a wide area covered by 
basaltic lavas; and he came to the conclusion that the lavas must 
have reached the surface by means of fissures opened in the sub- 
jacent rocks. 

Now I cannot help remarking, at the outset, that this generalization, 
in the case of the lavas of the Snake-River district, appears to have 
been a somewhat hasty one. The opportunities for careful observa- 
tion during a rapid ride of this kind must have been necessarily 
few; and, as Darwin pointed out long ago, the most careful observer 
is very prone to ascribe to a single outflow of lava the materials 
which were actually accumulated by a number of distinct ejections. 
As Darwin well showed, in his ‘ Volcanic Islands,’ it is often 
impossible te detect the limits of the different, comparatively fresh 
flows, except by studying the age of the vegetation which has sprung 
up on each of them. 

The statement that the basalts of the Snake River welled out in 
floods from fissures in the subjacent rocks, is admitted to be purely 
conjectural; and several of the observations which the author of 
the statement has made with regard to the district appear to me to be 
quite irreconcilable with his theory. He admits that cinder-cones 
were seen here and there during his rapid ride; and when we 
remember how liable such cinder-cones are to be swept away, firstly 
by the outwelling of lava from their craters, and secondly by the 
ordinary agents of subaerial denudation, this fact is a sufficiently 
significant one. That a considerable amount of denudation has 
taken place in the Snake-River district is shown by the circumstance 
that it presents, according to the author’s own description, “‘ low 
hummocks or ridges of bare black basalt, the surfaces of which 
exhibited a reticu.ated pavement of the ends of columns” *. These 
appearances, which are illustrated by a drawing, are scarcely con- 
sistent with quite fresh lava-streams, but are exactly what is met 


* See Text-Book of Geology (1882), p. 257. 
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with when the scoriaceous surfaces and upper layers of streams of 
lava have been removed by denudation. But if denudation has done 
so much work on the solid lava-currents, what may we not expect 
it to have effected in the case of cones composed of loose scorie ? 

But other observers who have visited the district, and had far 
ereater time and opportunity for studying the phenomena, have come 
to very different conclusions from those which my critic announces. 

Captain Raynolds, one of the earliest explorers of the Snake-River 
district, examined the country in 1868, and was accompanied by 
Dr. Hayden, who described volcanic agglomerates as by no means 
wanting in it*. | 

Dr. Hayden, visiting the district again in 1872, found sections 
that proved the basalts not to be massive floods of lava, but thin 
cappings overlying beds of trachytic tuff and other rocks, and he 
describes cones, one of them 500 feet in height, from which these 
lavas seemed to have issued. His descriptions forcibly remind us of 
some portions of the Auvergne *+. 

At a subsequent date Mr. Clarence King described the basalts of 
the Snake River as being well exposed in the Snake Canon, where 
he found them to consist of thin flows of basalt, superposed one 
upon the other; and the evidence found in the Canon is said to 
distinctly negative the idea that the lava could have flowed from a 
plexus of dykes, inasmuch as such dykes are few in number, and 
sometimes none of them are found for very great distances +. 

But in his recent memoir the advocate of ‘‘ fissure-eruptions” has 
sought to extend the generalization at which he arrived from an 
inspection of the Snake-River basalts to other areas of the Western 
States of America; and first among these fresh examples he places 
the basalts of the Uinkaret Plateau deseribid by Captain Dutton in 
his admirable work ‘The Tertiary History of the Grand Canon 
District.’ 

Captain Dutton’s clear descriptions and Mr. W. H. Holmes’s 
beautiful drawings of the scenery of the district give to every 
geologist the opportunity of judging for himself how far the hypo- 
thesis of fissure-eruptions is supported by the district referred to. 
We are told that from one point of view alone the observer may see 
*¢ 120 to 730 distinct cinder-cones, and that there are many others 
that will escape detection.” Many of these are said to be quite 
small, but others are from 700 to 800 feet in height and are a mile 
in diameter §. 

The maps || of the district and the beautiful drawings of Mr. Holmes 
fully confirm this description. The panorama seen from Mount 
Trumbull, where we observe stratiform rocks capped by basalts and 
cut through by streams with later currents of lava issuing from cinder- 

* See Captain Raynolds’s Report, published in 1868 and 1869, chapter x. 
pp. 85, &e. ; quoted in U. 8. Geol. Surv. of Territories, 1872. 

+ Lbid. for 1877. 

{ U. 8. Geol. Explor. of Fortieth Parallel, vol. i.; Systematic Geology 
pp. 672-3. 

§ Tertiary History of the Grand Canon District (1882), pp. 104-112. 

|| Atlas to accompany the above ; see plates vii., vill., ix. and x. 


214 PROF. J. W. JUDD ON THE TERTIARY VOLCANOES 


cones, so exactly reproduces the features illustrated by Mr. Scrope 
in his well-known panoramic views of the Auvergne, that it seems 
difficult to understand how any geologist could maintain totally 
distinct modes of origin for these features in the two cases. 

Captain Dutton’s remarks on the High Plateaux of Utah and the 
lava-fields of New Mexico are also quoted as giving still further 
support to the theory of “ fissure-eruptions.” 

A reference to these writings of Captain Dutton, however, shows 
that cones and craters are by no means absent in the districts 
referred to; they are, indeed, said to be very numerous in some parts 
of the areas, though usually of small size. Moreover the lava-fields 
are stated in some cases to have suffered so greatly from denudation 
that it would be a hopeless task to look for cinder-cones upon them. 

But there is one very important circumstance which seems to 
have been unfortunately overlooked by my critic. Captain Dutton, 
after studying the lava-fields of the Western Territories, and showing 
some disposition to refer them to “ fissure eruptions,” paid a visit 
to the Sandwich Islands, and there—amid the abundant proofs 
afforded to him of the fact that from the summit and sides of true 
voleanoes highly quid basaltic lavas are often poured out, with 
but a very slight accompaniment of explosive action—he very can- 
didly confessed that he felt he might have been in error in invoking 
the aid of the “‘fissure-eruption”’ hypothesis to account for the 
phenomena witnessed by him in hisown country. Captain Dutton’s 
remarks are so much to the point that I cannot do better than 
quote them. 

teferring to the lava poured out from Mauna Loa in 1855, 
Captain Dutton remarks :— 

“As I looked over this expanse of lava, I was forcibly reminded 
of some of the great volcanic fields of the western portion of the 
United States, where the eruptions are of such colossal proportions 
that they have received the name of massive eruptions. Richthefen, 
after studying many of these lava-fields in California and Nevada, 
was led to the conclusion that they had burst forth from great 
fissures, inundating large areas of country with fiery seas of basalt. 
He was led to contrast the immense volume of these rocks with the 
comparatively insignificant streams which have emanated from 
Vesuvius, Acitna and other modern volcanoes, and concluded that 
the incomparably grander overflows of Western America must 
have occurred under circumstances differing widely from those of 
ordinary volcanic eruptions. Although the volcanic rocks of Western 
Ameriea may be considered as very well exposed, as compared with 
rocks of equal antiquity in other portions of the world, they would 
be regarded as relatively obscure by any one who has had an 
opportunity to inspect carefully the recent lavas of Mauna Loa. I 
am by no means certain that Richthofen’s conclusions are wrong. 
But here is a lava-flow, the dimensions of which fully rival some of 
the grand pliocene outbreaks of the west, which demonstrably differs 
in no material respect, excepting in grandeur, from the much 
smaller eruptions of normal volcanoes” *, 

* Fourth Rep. U. 8. Geol. Surv. p. 156. 
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In several other passages of the same Report Captain Dutton clearly 
intimates that his belief in “ fissure-eruptions”’ was most seriously 
shaken by what he suw in the Sandwich Islands. 


VI. Concnustion. 


But even if it were conclusively demonstrated that the basalts of 
the Snake-River area, of the Uinkaret plateau, of the Highlands of 
Utah, and of the plains of New Mexico, could only have ‘originated 
in “ fissure-eruptions,” I fail to see how this affects the question of 
the existence of great voleanoes in the Western Isles of Scotland. 
It would seem that districts which have only been hastily traversed 
are scarcely likely to afford evidence that can be placed in comparison 
with the clear and unmistakable indications found in a district 
which has been made the scene of careful and searching investigation. 

It is very difficult to understand what idea the advocates of 
“‘ fissure-eruptions” wish to conyey by their favourite phrase. If by 
using it they intend to imply that voleanic action takes place along 
lines of fissure, I know of no vulcanologist who has ever denied it. 
In that sense al/ volcanic outbursts are “ fissure-eruptions.” If it be 
meant to indicate that the outflow of lava from a vent may take 
place with little or no explosive action, this is equally a part of the 
creed of all vulcanologists. 

But if, on the other hand, it be intended to assert that, either 
during the Tertiary or any earlier geological period, there is evidence 
that lavas were extruded upon the earth’s surface under wholly 
different conditions from those which prevail in the volcanic areas of 
the present day, this is a proposition which I utterly deny :—and 
I challenge the supporters of “ fissure-eruptions”’ to bring forward 
a particle of evidence in its support *. 

The study of the Hawaian volcanoes has long ago shown how 
remarkably the effusive action, resulting in the outwelling of suc- 
cessive sheets of lava, may preponderate over explosive action at 
certain volcanic vents. 

Captain Dutton very justly remarks that “the long and gentle 
slopes of Mauna Loa are merely the surface of a mass of lavas which 
have been: piled over each other in the form of lava-streams, poured 
out at intervals throughout an epoch of vast but unknown duration. 
These great lava-floods burst out seemingly in a most capricious 
manner, here there and everywhere. They break out far more fre- 
quently at or near the summit than upon the lower flanks of the 
mountain, and so vast is the amount of lava outpoured at each 
eruption, that the streams often reach literally from the summit to 


[ * My difficulty in understanding what is meant by a “ fissure-eruption ” 
has been only increased by the explanations offered after the reading of the 
present memoir (see page 219). It is said that the lavas have not flowed out 
“directly from long open fissures, but that vents were established on such 
fissures, sometimes of considerable size, with the usual accompaniment of vol- 
canic eruptions.” I presume, then, that when an outburst occurs at the sammit- 
crater of Etna, it must be called a voleanic eruption, but when it takes place 
on the flanks of the mountain, like that of 1874, so well described by Silvestri, 
it is a fisswre-eruption !] 
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the sea ” | that is distances of from 30 to 40 miles !], ‘‘ spreading out 
from a quarter of a mile to two or three miles in width. Upon 
such a broad surface as that of Manua Loa it must necessarily 
happen that some portions may lie for centuries unscathed by fire, 
and during this period of immunity the lavas decay, soil is formed 
upon them and accumulates to the depth of many teet”*. 

The facts which I observed in the Western Isles of Scotland led 
me, in 1874, to state in very similar terms the real nature of the 
basaltic plateaux of that district. I wrote as follows :— 

“The whole of these facts point to the conclusion that, during 
the period of the emission of the great laya-tloods which form the 
enormous plateaux of the Hebrides and Antrim, the surfaces over 
which they flowed were above the sea-level, and, further, that 
intervals of sufficient duration occurred between the outpourings 
of the lava-streams to admit of the formation of those very 
interesting intercalated deposits, which are in every case of a 
terrestrial, fluviatile, or lacustrine origin”. 

The study of the Hawaian volcanoes by Captain Dutton, and 
especially by Professor Dana, has thrown much new light upon 
certain phases of volcanic activity; but the formation of great 
plateaux built up by successive outpourings of lava of basaltic com- 
position and of great liquidity had been long before fully recog- 
nized by Mr. Scrope and other vulcanologists. 

I have no wish to suggest that the great volcanoes of the Western 
Isles of Scotland were of the same type as those of the Sandwich 
Islands. On the contrary, I believe that there is ample evidence 
to show that, while the great basaltic plateaux which surround those 
volcanoes were built up by successive outflows of very liquid lava 
from their summits and flanks, yet a considerable amount of explosive 
action, indicated by many relics of great masses of tufts, took place 
both at the central craters and from the parasitical vents. 

The eruption of the basaltic lavas was preceded, and to some 
extent accompanied by the extrusion of lavas of more acid composi- 
tion—andesites, dacites, and rhyolites; but these lavas, as I showed, 
were generally wanting in the great liquidity which characterized 
the basaltic extrusions, and so are, for the most part, found confined 
to the immediate vicinity of the great eruptive centres. 

During fifteen years I have devoted my attention to the study 
of the varied products of these great voleanoes of the Western Isles 
of Scotland, and I have again and again revisited them to clear up 
difficulties as they arose in the course of those studies. Many errors 
in points of detail I am prepared to admit, but of the truth of the 
main propositions enunciated in my memoir I have become more 
and more convinced, the longer I have studied the subject. 

If such large quantities of volcanic material, both of acid and basic 
composition, were transferred from the interior of the earth’s crust 
to the surface, then surely we ought to find, in a greatly denuded 
area, the traces of those conduits and channels by which the igneous 

* Fourth Report U. 8. Geol. Survey, p. 93. 
¢ Quart. Journ. Geol. Soc. vol. xxx. (1874), p. 280. 


OF THE WESTERN ISLES OF SCOTLAND. Diley. 


materials found their way from below. The materials filling these 
conduits, I argued, would have consolidated slowly and under great 
pressure, and I therefore inferred that while agreeing in ultimate 
chemical composition with the lavas, they would exhibit a more 
highly crystalline structure. I then showed that in the great bosses, 
sheets, and dykes composed of gabbro and granite we have just such 
masses of rock—occupying precisely the positions they might be 
expected to do, if the interpretation which I gave of the structure of 
the counfry was the true one. On the other hand, I maintain that 
the long narrow dykes are altogether inadequate as the sole channels 
for the extrusion of these enormous volumes of lava. 

The hypothesis of ‘‘ fissure-eruption ” appears to me now, as it has 
always done *, as unnecessary as it is vague. ffusive action, the 
welling-out of great masses of lava, is as much a characteristic of 
volcanoes as is the dispersal of scorie, lapilli, and dust by explosive 
action. In the Sandwich Islands we have an admirable example 
of the formation of plateaux built up of basaltic lava-streams, with 
only small and rare intercalations of volcanic tuffs. In the great 
tuff-cones of Java and their remarkably explosive outbursts we have 
the other extreme type of volcanic activity admirably exemplified. 
The study of the recent tremendous catastrophe at Krakatoa was 
particularly interesting, as affording to us a striking instance of the 
explosive type of volcanic activity, so strongly contrasted with the 
effusive type, as illustrated in the Sandwich Isles. But I am quite 
at a loss to understand why the explosive action that has produced 
the great tuff-cones of Java should be regarded as “ ordinary volcanic 
activity,” while the effusive action which has given rise to the basaltic 
plateaux of the Sandwich Islands should be denied that title. 

Professor Dana, after very clearly and forcibly pointing out the 
distinction between the twe types of volcanic activity, very justly 
adds :—‘‘ The marked contrast between volcanoes of the Mount Loa 
and Vesuvius types, based on the liquidity of the lava, making Mt. 
Loa discharges to be almost solely outflows, and those of Vesuvius 
both upthrows of cinders and outflows of lava, has been sufficiently 
explained. With this exception, the contrast as to their eruptions 
as well as to their ordinary action is far less than is generally 
supposed. There is no reason to regard the forces as different in 
kind or mode of action ”. 

The volcanic outbursts of Iceland in recent times—and there is 
every reason for believing that those of the British Islands -during 
the Tertiary periods were precisely similar to them—combine in a 
most striking and instructive manner the explosive and the effusive 
types of activity. The eruption of Varmadalr (Skaptar Jokull) in 
1783 was not more remarkable for the enormous volume and great 
liquidity of the lavas, than for the violently explosive action which 
accompanied their extrusion—these explosions producing effects quite 
comparable to those which resulted from the Krakatoa outburst, just 
a century later; the Icelandic eruption moreover resulted in the 
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formation of lines of scoria-cones similar to those so constantly formed 
when an eruption takes place on the flanks of Etna. 

It is very necessary that the true nature of the phenomena dis- 
played at Krakatoa and at Mauna Loa respectively should be correctly 
appreciated, and that the manner in which, at all volcanic centres, 
the two kinds of activity—of which these are the extreme types— 
may be found in ever varying combinations should be clearly under- 
stood. When this result is arrived at, 1 am convinced that the 
hypothesis of “ fissure-eruptions ” will soon sink into that same 
oblivion which has already overtaken its predecessor and parent “ the 
theory of the trap-rocks.” 


Discussion. 


Dr. Gertie, alluding to the fact that his memoir, which had been 
reviewed by Professor Judd, had probably not yet been seen by 
many of those present, who were therefore unacquainted with the 
mass of detailed observations on which his conclusions were based, 
proceeded to give a history of his researches in the volcanic rocks of 
the West of Scotland. He had first broken ground among them 
more than 30 years before, and after publishing various papers on 
the subject, had presented to the Society in 1871 what he intended 
to be the first of a series of papers on the Tertiary volcanic rocks of 
the British Isles. Before the second paper of the series was ready, 
Professor Judd entered the field, and by his paper of 1874 covered 
most of the ground that he himself had been working over. He 
laid aside the subject for a few years, but an excursion into Western 
America in 1879 gave him new insight into the volcanic history of 
Western Scotland, and he then resumed his researches, and con- 
_ tinued them until he was able to publish, last May, the large memoir 
which had been criticized by Professor Judd*. He had not been 
able to confirm his critic’s conelusion as to the order of succession 
among the volcanic rocks, which he found to have been the reverse 
of what had been stated. But with a strong dislike of controversy, 
he had refrained from emphasizing the differences of opinion 
between Professor Judd and himself, and after stating generally 
his disagreement, had abstained from pointing out what he 
believed to be serious errors of observation, and preferred to quote 
from the paper of 1874 when he agreed with it. He wished em- 
phatically to declare that his Memoir was not official work of the 
Geological Survey, but that for any demerits it might contain he 
was himself solely responsible. Exhibiting on the wall an enlarged 
copy of Professor Judd’s map of Mull, he showed also a rough 
enlargement of his own map of the same island, which, out of 
deference to Professor Judd, whose work it contradicted, he had 
refrained from publishing in his paper, but which he now felt com- 
pelled to produce. He pointed out what he considered to be the 
grave errors in the former map. 

There was in reality no central core of granite with a ring of 
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felstone and masses of acid breccias and tuffs, as laid down by 
Prof. Judd. The acid rocks were confined to a few bosses and 
hundreds of dykes and veins, and instead of forming the oldest 
masses of the volcanic series, as, trusting to the map of 1874, he 
had believed to be the case, they were actually the youngest, and 
could be seen in innumerable localities, sending veins into them. 
He had been unable to discover any trace of felstones which had 
reached the surface before the outflow of the basalts. The latter 
he had everywhere, through Mull, Rum, Higg, and Skye, found to 
be the oldest lavas. Next in age came the gabbros which had been 
injected into the already solidified basalts, andesites, &c. of the 
plateaux; and lastly the granophyres and other acid rocks were 
erupted through the whole, except the youngest basic dykes. 

With regard to the criticism which had been offered as to 
“‘ fissure-eruptions,” he thought that some misapprehension existed. 
He did not suppose that the lavas flowed out directly from long 
open fissures, but that vents were established on such fissures, 
sometimes of considerable size, with the usual accompaniments of 
volcanic eruptions. He contended that there was not the slightest 
evidence of any great central volcano of the type of Vesuvius or 
Etna in any part of the Western Islands, but that the vents had 
been numerous, widely scattered, and, on the whole, of small size. 

It would be impossible to discuss all the details of Prof. Judd’s 
paper, and if he had not replied to all the points now raised it was 
not from inability to do so. He entered into such discussions with 
much reluctance, and though he regretted having to differ so greatly 
from Prof. Judd, he felt himself entitled to make known the con- 
clusions to which the researches of so long a series of years had 
finally conducted him. 

The AvrHor agreed with Dr. Geikie on one point, namely, 
reluctance to enter upon this controversy, which had been forced upon 
him. It was perfectly true that Dr. Geikie had published many 
papers on the district in question betore his own appeared in 1874; 
but the views maintained in all these papers were utterly irrecon- 
cilable with those which were enunciated by himself, and which 
were now adopted by Dr. Geikie. The key to his own explanation 
of the structure of the district was the recognition of the intimate 
relations between the gabbros and the basalts; while Dr. Geikie 
had always held that the former were of metamorphic origin and of 
Laurentian age, and the latter were regarded by him at first as 
Jurassic, and afterwards as Tertiary lavas. 

The sketch-map of Mull, as he had stated when he published it, 
was necessarily diagrammatic, inasmuch as the district was one of 
great complexity, of which no reliable topographical maps were at 
the time in existence. But he maintained its general accuracy ; 
the contrasts between it and the map exhibited by Dr. Geikie were 
largely due to differences in the system of rock-nomenclature and 
the scheme of colouring employed in the two cases. 
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13. On prevaitInec MIscoNcEPTIONS REGARDING the EviIpENcE which 
we ought to expect of Former Guacrat Perrops. By JamEs 
Crott, LL.D., F.R.S. (Read January 23, 1889.) 


(Communicated by Prof. Bonney, D.Sc., LL.D., F.R.S., F.G.8.) 


Wirutn the whole range of geological science there is perhaps not 
a point on which a greater amount of misapprehension prevails than 
in regard to the evidence which we ought to expect of former 
glacial periods. The imperfection of geological records is far 
greater than is generally believed—so great, indeed, that the mere 
absence of direct geological evidence can hardly be regarded as 
sufficient proof that the conclusions derived from astronomical and 
physical considerations regarding former ice-periods are improbable. 
Nor is this all. Not only are the geological records of ancient 
glacial conditions imperfect, but this imperfection follows as a 
natural consequence from the principles of geology itself. There 
are not merely so many blanks or gaps in the records, but a reason 
exists in the very nature of geological evidence why such breaks in 
the record might naturally be expected to occur. 

The evidence of Glaciation is to be Found chiefly on Land-surfaces.— 
It is on a land-surface that the principal traces of the action of ice 
during a glacial epoch are left, for it is there that the stones are 
chiefly striated, the rocks ground down, and the Boulder-clay formed. 
But where are all our ancient land-surfaces? They are not to be 
found. The total thickness of the stratified rocks of Great Britain 
is, according to Professor Ramsay, nearly fourteen miles. But from 
the top to the bottom of this enormous pile of deposits there is 
hardly a single land-surface to be detected. Patches of real old 
land-surfaces of a local character may, indeed, be found, as, for 
example, the dirt-beds of Portland ; but, with the exception of coal- 
seams, every general formation has been accumulated under water, 
and none but the under-clays ever existed as a land-surface. And_ 
it is here, in a general formation, that the geologist has to collect 
all his information regarding the existence of former glacial epochs. 
The entire stratified rocks of the globe, with the exception of the 
coal-beds and under-clays (in neither of which would one expect to 
find traces of ice-action), consist almost wholly of a series of old 
sea-bottoms, with here and there an occasional freshwater deposit. 
Bearing this in mind, what is the sort of evidence which we can 
now hope to find in these old sea-bottoms of the existence of tormer 
ice-periods ? 

All geologists of course admit that the stratified rocks are not old 
land-surfaces, but a series of old sea-bottoms formed out of the 
accumulated material derived from the degradation of primeval land- 
surfaces. And it is true that all land-surfaces once existed as se 
bottoms ; but the stratified rocks consist of R series of old sea-bottoms 
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which never were land-surfaces. Many of them no doubt have been 
repeatedly above the sea-level, and may once have possessed land- 
surfaces; but these, with the exception of the under-clays of the 
various coal-measures, the dirt-beds of Portland, and one or two more 
patches, have all been denuded away. The important bearing which 
this consideration has on the nature of the evidence which we cau 
now expect to find of the existence of former glacial epochs has 
certainly been very much overlooked. 

If we examine the matter fully, we shall be led to conclude 
that the transformation of a land-surface into a sea-bottom will 
probably completely obliterate every trace of glaciation which that 
land-surface may once have presented. We cannot, for example, 
expect to meet with polished and striated stones belonging to a 
former land-glaciation ; for such stones are not carried down bodily 
and unchanged by our rivers and deposited in the sea. They become 
broken up by subaerial agencies into gravel, sand, and clay, and in 
this condition are transported seawards. ven if we supposed it 
possible that the stones and boulders derived from a mass of till 
could be carried down to sea by river-action, still these stones would 
certainly be deprived of all their ice-markings, and become water- 
worn and rounded on the way. Prof. James Geikie states that the 
great accumulations of gravel which occur so abundantly in the low 
grounds of Switzerland, and which are, undoubtedly, merely the 
re-arranged materials origirally brought down from the Alps as till 
and as moraines by the glaciers during the glacial epoch, rarely or 
never yield a single scratched or glaciated stone. The action of the 
rivers escaping from the melting ice has succeeded in obliterating all 
trace of striw. It is the same, he says, with the heaps of gravel and 
sand in the lower grounds of Sweden and Norway, Scotland and 
Ireland. These deposits are evidently in the first place merely the 
materials carried down by the swollen rivers that issued from ihe 
gradually melting ice-fields and glaciers. The stones of the gravel 
derived from the demolition of moraines and till have lost all their 
strie and become in most cases well rounded and water-worn. 
Further, we cannot expect to find Beulder-clay among the stratified 
rocks ; for Boulder-clay is not carried down as such and deposited in 
the sea, but under the influence of the denuding agents becomes 
broken up into seft mud, clay, sand, and gravel, as it is gradually 
peeled off the land and swept seawards. Patches of Boulder-clay 
may have been now and again forced into the sea by ice and 
eventually become covered up; hut such cases are wholly exceptional, 
and their absence in any formation cannot fairly be adduced as a 
proof that that formation does not belong to a glacial period. 

It may, however, be replied that there is one kind of evidence of 
former glacial periods which we ought to expect in the stratified 
rocks, viz., the presence of large erratic blocks imbedded in strata 
which, from their constitution, have evidently been formed in still 

water. But even allowing this to be the case, we cannot regard the 
absence of such blocks as proof that no glacial period occurred 
during the time of the formation of the strata; for their mere 
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absence may be the indication either of a period of extreme glacia- 
tion or of a period absolutely tree from ice. ‘This absence is a result 
which would as truly follow from the former condition of things as 
from the latter. Glaciers carry erratic blocks on their surfaces, 
but such blocks are seldom, if ever, on the surface of an ice-sheet. 
The reason is obvious. When a country is completely buried under 
ice there is no source from which the ice can obtain erratics on its 
surface. The stones which he under the ice, before they can reach 
the sea, are ground down to powder. Large erratic blocks have 
never been found, for example, on the ice-sheet of Greenland. No 
one, of course, has as yet had an opportunity of examining the surface 
of the Antarctic ice; but judging from the character of the icebergs 
derived from it, we are almost certain that it contains no boulders. 
Were the seas surrounding these continents clevated into dry land, 
a geologist, judging from the comparative absence of boulders in the 
sedimentary deposits which have been forming for the past thousands 
of years, would be apt to conclude that these continents had 
never been covered by ice. In fact, a conclusion of this kind has 
been arrived at by Prof. Nordenskjold, who maintains, because he has 
never seen in the strata of Greenland or Spitzbergen a boulder larger 
than a child’s head, that down to the termination of the Miocene 
period no glacial condition of things existed in these regions—a 
conclusion most certainly utterly erroneous. Now both of these 
lands are at present in a state of glaciation ; and were it not for the 
enormous quantity of heat which is constantly carried northwards 
from the equatorial regions by the Gulf-stream, not only Greenland 
and Spitzbergen, but the whole of the Arctic regions would be far 
more completely under ice than they are. A glacial state of things 
is the normal condition of Polar regions; and if at any time, as 
during the Tertiary age, the Arctic regions were free from snow 
and ice, 1t could only be in consequence of some peculiar distribution 
of land and water and other exceptional conditions. ‘That this 
peculiar combination of circumstances should have existed during 
the whole of that immense lapse of time between the Silurian and 
the close of the Tertiary period is certainly improbable in the highest 
degree: in short, that Greenland during the whole of that time 
should have been free from snow and ice is as improbable, although 
perhaps not so physically impossible, as that the interior of that 
continent should at the present day be free from ice and covered 
with luxuriant vegetation. 

In fact, it is the severity of glacial conditions in these regions 
during glacial periods that has rendered the strata to which Prof. 
Nordenskjold refers so comparatively free from erratic blocks. Had 
these regions been occupied by glaciers reaching to the sea, instead 
of being covered by a sheet of ice, boulders in the strata would no 
doubt have been far more common. 

As evidence of former glacial periods we may, however, expect to 
find in temperate regions erratic blocks, imbedded here and there in 
the stratified rocks, which may have been tr ansported by icebergs 
and dropped into the sea. But unless the glaciers of such epochs 
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reached the sea, we could not possibly possess even this evidence. 
This sort of evidence, when found in low latitudes, ought to be 
received as evidence of the existence of former glacial epochs, and, 
no doubt, would have been so received had it not been for the 
erroneous idea that, if these blocks had been transported by ice, 
there ought in addition to have been found striated stones, Boulder- 
clay, and other indications of the agency of land-ice. 

It is, of course, by no means the case that all erratics are trans- 
ported by masses of ice broken from the terminal front of glaciers. 
The “ice-foot ” formed by the freezing of the sea along the coasts 
of the higher latitudes carries seawards quantities of blocks and 
débris. Again, stones and boulders are frequently frozen into river- 
ice, and when the ice breaks up in spring are swept out to sea, and 
may be carried some little distance before they are dropped. But 
both these cases can occur only in regions where the winters are 
excessive ; nor is it at ali likely that such ice-rafts will succeed in 
making a long voyage. If, therefore, the erratics occasionally met 
with in certain old geological formations in low latitudes were really 
transported from the land by an ice-foot or a raft of river-ice, we 
should be forced to conclude that very severe climatic conditions 
must have obtained in such latitudes at the time the erratics were 
dispersed. 

Why we now have, comparatively speaking, so little direct 
evidence of the existence of former glacial periods will be more 
forcibly impressed upon the mind if we reflect how difficult it 
would be in a million or so years hence to find any trace of what 
we now call the glacial epoch. The striated stones would by that 
time be all, or nearly all, disintegrated, and the till washed away 
and deposited in the bottom of the sea as stratified sands and clays. 
And when these became consolidated into rock and were raised into 
dry land, the only evidence that we should probably then have that 
there ever had been a glacial epoch would be the presence of an 
occasional large block of the older rocks found imbedded in the 
upraised formation. We could only infer that there had been ice 
at work from the fact that by no other known agency could we 
conceive such a block to have been transported and dropped in a 
still sea. 

Few geologists probably believe that during the Middle Eocene 
and the Upper Miocene periods our country passed through a con- 
dition of glaciation as severe as it has done during the Post-pliocene 
period ; yet when we examine the subject carefully, we find that 
there is actually no just ground to conclude that it did not. For, 
in all probability, throughout the strata to be eventually formed 
out of the destruction of the now existing land-surfaces, evidence of 
ice-action will be as scarce as in Kocene or Miocene strata. 

Did the stratified rocks forming the earth’s crust consist of a 
series of old land-surfaces, instead (as they actually do) of a series 
of old sea-bottoms, then traces of many glacial periods might pro- 
bably be detected. Nearly all the evidence which we have regarding 
the glacial epoch has been derived from what we find on the now 
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existing land-surfaces of the globe. But probably not a vestige of 
this will exist in the stratified beds of future ages, formed out of 
the destruction of the present land-surfaces. Even the very Arctie 
shell-beds themselves, which have afforded to the geologist such 
clear proofs of a frozen sea during the glacial epoch, will not be 
found in those stratified rocks; for they must suffer destruction 
along with everything else which now exists above the sea-level. 
There is probably not a single relic of the glacial epoch which has 
ever been seen by the eye of man that will be treasured up in the 
stratified rocks of future ages. Nothing that does not le buried in 
the deeper recesses of the ocean will escape complete disintegration 
and appear imbedded in those formations. It is only those objects 
which lie in our existing sea-bottoms that will remain as monuments 
of the glacial epoch of the Post-tertiary period. And, moreover, it 
will only be those portions of the sea-bottoms that may happen to 
be upraised into dry land that will be available to the geologist of 
future ages. The point is this:—Is it probable that the geologist 
of the future will find in the rocks formed out of the now existing 
sea-bottoms more evidence of a glacial epoch during Post-tertiary 
times than we now do of one during, say, the Miocene, the Eocene, 
or the Permian period? Unless this can be proved to be the case, 
we have no ground whatever to conclude that the cold periods of 
the Miocene, Eocene, and Permian periods were not as severe as that 
of the glacial epoch. This is evident; for the only relics which 
now remain of the glacial epochs of those periods are simply what 
happened to be protected in the then existing sea-bottoms. Every 
vestige that lay on the land would in all probability be destroyed 
by subaerial agency and carried into the sea in a sedimentary 
form. 

The question of the existence of former glacial periods is one on 
which paleontology can afford but little really reliable information. 
One of the main characteristics of a glacial period is the scarcity or 
comparative absence of plant and animal life. He certainly would 
be a bold geologist who would affirm, in relation to a given epoch, 
that because he could not find the remains of plant and animal life 
which he considered could have existed under glacial conditions, no 
glacial conditions existed during that epoch; and the more so 
seeing how difficult itis to determine with certainty, more especially 
in relation to remote periods, how much cold a plant or an animal 
might be able to endure. 

Besides all this, supposing the organic remains of former glacial 
epochs were found in abundance, these remains would probably 
mislead most geologists. For if the theory of the glacial epoch 
advocated in ‘ Climate and Time’ be correct, viz., that those epochs 
consisted of alternate cold and warm periods, it is evident that the 
greater part or nearly all of those remains would belong to the 
warm or interglacial periods. A geologist who did not believe in 
interglacial periods, judging from the character of those remains, 
would naturally come to the conclusion that the epochs in question 
were warm and equable, not glacial. ‘This disbelief in interglacial 
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periods would thus induce him to give a wrong interpretation of the 
facts. 

Assuming that a glacial epoch occurred at every time that the 
earth’s orbit attained a very high state of eccentricity, it is quite 
apparent, when we reflect: on the imperfection of geological recods 
on the matter, that we have in reality about all the evidence which 
we could possibly expect of the existence of such epochs. 


DiscussIon, 


The PrusipEnt, after alluding to the speculative character of the 
paper, considered that the Author underrated the amount of old 
subaerial surface. Many freshwater deposits, such as the Wealden, 
were fluviatile and hence subaerial. Andif glacial materials had 
then been in the neighbourhood they would have been preserved, as 
was the case in the Talchirs of India, where boulders of considerable 
size were deposited in fluviatile silt. 

He doubted the argument about the ice-sheet yielding no erratics, 
and referred to the great moraine across the American continent. 
Moreover, further south than the ice-sheet reached, if there were 
mountains, glaciers would exist and would deposit stones. 

Prof. Prestwicu, whilst admitting the imperfection of the geolo- 
sical record, thought the Author’s view interesting and novel, rather 
than convincing. If glacial periods had formerly existed we should 
not be dependent only on land-surfaces, but the molluscan fauna of 
the arctic seas, and the glacial débris and boulders spread over the 
bed of those seas, would bear evidence of analogous conditions. We 
had in India and Australia some evidence in favour of such con- 
ditions in Permian and Carboniferous times. but these even were 
not yet fully established; and as to Eocene and Miocene times, he 
would ask what evidence we had there. He knew of none. 
Geology furnished no evidence of periods of recurring cold such as 
Dr. Croll’s ingenious and attractive theory required. 

Mr. Evans agreed in the remarks of Prof. Prestwich. It seemed 
to him possible that the Author of the paper, finding a difficulty in 
reconciling facts with theory, suggested that the facts insufficiently 
represented past geological history. But whether the theory were 
true or not, glacial conditions must in all probability have prevailed 
in some parts of the globe during all periods, though probably not 
always in the existing centres of glaciation ; and of these former 
glacial conditions some evidence was already forthcoming. The 
alleged misconceptions did not seem to him to exist, unless to a 
very small extent; but still Mr. Croll’s communication was of great 
interest. 3 

Prof. Seetzy observed that geology was based on inductive evi- 
dence, but in this case it was unsatisfactory to have to deal mainly 
with negative evidence. As Dr. Croll has not attempted to estimate 
the significance and origin of the boulders which occur in many 
geological deposits, we are not bound to do the work for him. Every 
geologist admits that glaciation would be a necessary incident in any 
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period of time if the land were high enough. Boulders thus formed 
on land might be imbedded in a marine stratum when the land was 
subsequently depressed without indicating their age or origin. The 
contention for glacial periods was superfluous. 

Prof. Brake considered that the previous average temperature 
was higher in a refrigerating earth. Hence there was plenty of 
evidence of more life in the Arctic regions in past epochs. There 
was a sort of negative evidence of the non-existence of successive 
glacial periods in the absence of the very mixed conglomerates 
which are produced from the disintegration of Boulder-clay with 
stones. The great boulders proved very little one way or the 
other. 

Rev. E. Hit thought the paper an able one of its kind. He 
agreed that insufficiency of evidence must not be regarded as fatal 
to the theory, but on the other hand demurred to allowing that 
imperfection in the record could make up for deficiency of proof. 
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14. On Remains of Eocenr and Musozoic Cuetonia and a Tootr 
of (?) OnnirHopsis. By R. Lyprxxer, Esq., B.A., F.G.S. (Read 
January 23, 1889.) 

. [Puate VIII. | 


Introductory. 


Tue greater portion of the present communication is devoted to the 
consideration of Chelonia, and more especially to specimens from the 
Cambridge Greensand, most of which were collected nearly twenty 
years ago by my college friend Mr. T. Jesson, F.G.S., of Northampton. 
It includes, however, the description of an interesting Chelonian from 
tke Wealden, kindly lent to me by the Rev. P. B. Brodie ; and also 
makes certain redeterminations as to the affinities and serial position 
of some of the marine Chelonians of the London Clay. The tooth 
from the Wealden referred to Ornithopsis leads to the consideration 
of the affinities of some allied specimens from the Portlandian of 
France. 


1. The Genus Rhinochelys, of the Cambridge Greensand. 


The name Fhinochelys was applied in 1869 by Prof. H. G. Seeley* 
to the Chelonian cranium from the Cambridge Greensand figured by 
Sir R. Owen in his ‘ Cretaceous Reptilia’ (Mon. Pal. Soc.), pt. 1. 
pl. vii.a, figs. 1-3 (1851), under the name of Chelone pulchriceps, of 
which species it is the type. The distinctive features of this cranium, 
as shown by the figure, are that the pterygoids, which are in contact 
throughout their length, are comparatively narrow and emarginate, 
and that the palatines unite in the median line. There are, more- 
over, distinct nasals, the prefrontals being separated from one another 
by the nasals andfrontals. Again, the temporal fossee are completely 
roofed over, after a manner now obtaining only in the Chelonida— 
that is to say, there is both an inferior and a superior temporal 
arcade; the postfrontal articulates by a long suture with the parietal ; 
and it seems, judging from other specimens, that the squamosal 
may have joined the parietal to form a parieto-squamosal or post- 
temporal bar. ‘The whole of the tympanic area is not shown, but it 
appears that the tympanic ring was very largely ossified, although 
perhaps open inferiorly, and that, as in the Chelonide, the quadrato- 
jugal entered into the formation of this ring. Other specimens seem 
to show that the auditory labyrinth was completely open posteriorly, 
after the Pleurodiran manner. Further, there is no flooring of the 
narial passage, and the oral surface of the palate has a prominent 
ridge on either side. 

In establishing the genus Rhinochelys, Prof. Seeley pointed out that 
it could not belong to the Chelonide, observing that ‘‘ it is Emydian 
in its affinities, and well characterized by having the nasal and pre- 


* <Tndex to Aves &c. in Cambridge Museum,’ p. 25. 
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frontal distinct ; by the posterior nares being formed by the maxillary 
and palatine bones, and divided by the whole length of the vomer, 
which extends on the palate between the palatine and premaxillary 
bones ; and by the temporal region being covered by an arrangement 
of bones like that in Chelone.” This description differs from Owen’s 
figure by the introduction of the vomer, which is not shown in 
the latter. Although I have not seen specimens showing the presence 
of the vomer, I take it, on theoretical grounds, that this element was 
probably present. There is unfortunately a little ambiguity in the 
expression employed by Prof. Seeley as to the vomer extending 
between the palatines and the premaxille, as this might mean 
separating the two palatines from one another; I take it, however, 
from the evidence of Owen’s figure, that it is intended to mean that 
the vomer connects the palatines with the premaxille. 

In 1873 Prof. 8. Riitimeyer, who appears to have been unacquainted 
with the name Rhinochelys, on pp. 148-150 of his ‘ Fossile Schild- 
kroten von Solothurn, came to the conclusion that the skull of 
Chelone pulchriceps showed, on the whole, more affinities with the 
Chelydidz than with any other family, and concluded that this form 
probably indicated a Pleurodiran. 

With this conclusion I am disposed to agree, since, if we put aside 
the alleged occurrence of separate nasals in the so-called Huclastes, 
the only existing Chelonians having distinct nasals are the Chelydide ; 
while, with the exception of the Trionychoidea, it is only among the 
Pelomeduside that we find the palatines uniting in the middle line. 
The anterior portion of the palate of Rhinochelys has, indeed, the same 
relations of the bones surrounding the posterior nares as in the existing 
Pelomedusa*, with the exception that in the latter the vomer is 
absent. It is true that the palatines of Rhinochelys are much nar- 
rower than in any recent Pleurodiran, and are thereby of a Crypte- 
diran type; while the complete roofing over of the temporal fossz 
is not found in any recent Pleurodira, the roof found in Podocnemis 
being of a totally different structure. I am, however, disposed to 
consider that the extremely wide pterygoids of existing Pleurodirans, 
together with the remarkable structure of the tympanic ring and the 
mandibular articulation, are characters more or less recently acquired ; 
while the complete bony roof of Rhinochelys I look upon as an archaic 
character, since it occurs in many of the Jurassic Chelonians, some 
of which. like Zurysternum, are Cryptodiran, while others, like Idio- 
chelys, are probably Pleurodiran. Remnants of this roof are, I think, 
to be found in the parieto-squamosal bar of many Chelydide. My 
reasons for regarding the broad pterygoids of recent Pleurodirans as 
an acquired character is that all Jurassic Chelonian skulls with which 
we are acquainted have more or less narrow pterygoids, and it is 
practically certain that some of these are Pleurodiran. This is well 
shown in the skull figured in pl. xiv. figs. 1, 2, of the above-cited 
memoir of Prof. Rtitimeyer, which is referred with considerable pro- 
bability to Plestochelys. In that skull the vomer divides the palatines, 


* See Boulenger, ‘Catalogue of Chelonians &c. in the British Museum,’ p. 198, 
fig. 48 (1889), 
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and there are no distinct nasals, but we have the same complete roofing 
of the temporal fossee. Similar features are presented by the skull 
figured in the ‘ Paleontographica,’ vol. xxv. pl. xvii. figs. 11, 12, as 
Chelonides (a preoccupied name), where the palatines are in con- 
tact. An example of another skull which may possibly belong to 
this generalized Pleurodiran type is the large one from the Port- 
landian, described by Sir R. Owen in the ‘Rep. Brit. Assoc.’ 
for 1841, p. 168, and figured in his ‘History of British Fossil 
Reptiles,’ vol. i. Chelonia, pl. vin. figs. 1-3, as Chelone planiceps, 
This skull differs from the one referred to Plesiochelys by its distinct 
nasals, and from that of Rhinochelys by the meeting of the pretfrontals 
in a median suture, as well as by the deep notch below the jugal, and 
the separation of the squamosal from the parietal. This skull, L 
propose, sheuld be provisionally known by the generic name of Stego- 
chelys until it can be identified with a genus founded on the shell. 

With regard to its distribution in time, a cranium in the British 
Museum ( N o. R. 27) indicates the occurrence of Fhinochelys in the 
Chalk Marl; while other specimens in the same collection show that 
it also extended downwards to the Gault. 

Before proceeding to describe the species of Rhinochelys, reference 
may be made to fragments of Chelonian skulls characterized by their 
pustulate exterior, which are of very common occurrence in the 
Cambridge Greensand, and to which Prof. Seeley * has applied the 
name J'r -achyder mochel ys, but without attempting to show any justi- 
fication for generically distinguishing them from Rhinochelys. Prima 
facie there is, indeed, every probability that these specimens do belong 
to that genus, as being the commonest Chelonian in the beds in 
question, ae apparently the only one not referable to the Chelonide. 
Specimens in Mr. Jesson’s collection indicate that the carapace to 
which these fragments belonged had an expanded and everted border, 
as in many existing Pleurodira ; while the pustulation of the exterior 
is only an exaggeration of a feature found in the living Pleurodiran 
genus Chelodina. ILonly put forward this view as a suggestion ; but 
I may add that some further evidence pointing to the Pleurodiran 
affinity of Rhinochelys is afforded by a small cervical vertebra from 
the Cambridge Greensand, sent me by Mr. Jesson, which appears to 
have distinct transverse processes, like those of existing Pleurodirans. 

It is possible that some of the undermentioned forms may really 
differ sufficiently from the type to constitute a distinct genus ; but, 
for the present at least, 1 have retained the whole of them in 
Ehinochelys. 

Coming now to the consideration of species, Prof. Seeley, on 
pp. xviii & xix of the work cited, applies no less than fifteen specific 
names (in addition to the type species) to remains of this genus; but 
‘since none of them have been defined, they can only be regarded as 
MS. names. I proceed, therefore, to define such species as I can 
determine from the specimens in Mr. Jesson’s collection and in that 
of the British Museum. 


* Op, cit. p. 33. 
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RHINOCHELYS PULCHBRICEPS. 


To the type species I refer the somewhat imperfect and rather 
crushed specimen represented in Pl. VIIT. figs. 1, 1a. This speci- 
men agrees with the type in the following features, which may be 
taken as diagnostic. Skull much depressed, with prognathous muzzle, 
and a long interval between the latter and the tympanum ; nares 
comparatively small and wide; nasals of moderate size and width ; 
palatal ridges very prominent ; nasal and maxillz uniting to exclude 
prefrontals fr om nares. 


RHINOCHELYS CANTABRIGIENSIS, D. Sp. 


The well-preserved cranium in the British Museum (No. 43980) 
represented 1 in figs. 2, 2 a of Plate VII1. differs from that of the type 
species in its more vaulted contour, the less produced muzzle, and 
the shorter interval between the latter and the tympanum. as well 
as by the relatively wider nasals. I find a smaller cranium of 
similar type in Mr. Jesson’s collection. Assuming these points to be 
of specific value, this form may be known under the above-mentioned 
name. This specimen shows that the auditory labyrinth was open 
posteriorly. 


RHINOCHELYS MACRORHINA, 0. Sp. 


Of this form there are numerous imperfect crania in Mr. Jesson’s 
collection, while another im the British Museum (No. 35193), 
shown in fig. 7 of Plate VIII., is selected as the type. It 1s cha- 
racterized by the premaxillz being deeper and less prominent than 
in the type species, by the large and antero-posteriorly elongated 
nasals, the moderate-sized nares, and by the more vaulted cranium 
in which the frontal region is much fiattened. 


RHINOCHELYS ELEGANS, 1. sp. 


The anterior portion of a cranium represented in PL VIII. fig. 5 
(B.M. No. 41796) apparently indicates another species, which attaineé 
somewhat larger dimensions than either of the preceding, and is 
characterized as follows. Allied to R. macrorhina, but with the nasals 
relatively wider and shorter, and the premaxillz considerably deeper. 
The latter character causes the beak to have a decidedly hooked 
appearance. Skulls of the type of the next specimen also show a 
peculiar lateral swelling in the prefrontal region, which appearsto be 
distinctive of this form. 

The well-preserved skull shown in fig. 4 of Plate VILL is from Mr. 
Jesson’s collection, and apparently indicates an individual belongmg 
to the same species as the preceding. Curiously enough, there is, 
however, no trace of a suture between the nasals and prefrontals, 
which at first led me to believe that this specimen belonged to 
Chelone. The peculiar form of the suture between the frontals and 
prefrontals shows, however, where the nasal suture should be; while 
we have the continuation of the alveolar line of the maxilla by the 
jugal, which is at once distinctive. 


CHELONIA AND A TOOTH OF (?) ORNITHOPSIS. 231 


RHINOCHELYS BRACHYRHAINA, N. Sp. 


This species is also represented by several imperfect crania. In 
the type specimen (PI. VIII. figs. 3, 3a) it will be seen that the 
cranium is readily distinguished from that of the preceding species 
by the extremely small size of the nasals, in which the width exceeds 
the length, and by the very large dimensions of the nares, as well 
as by the circumstance that the prefrontals enter largely into the for- 
mation of the nares. This form should perhaps represent a distinct 
genus, 


RHINOCHELYS JESSONI, nN. sp. 


The almost perfect and beautiful specimen shown in Pl. VIII. 
figs. 6, 6a indicates a sixth species characterized as follows :—The 
skull is much depressed, and the beak markedly hooked; the narial 
aperture is small, with the nasals antero-posteriorly elongated and 
narrowing superiorly ; the prefrontals are very large, almost meet in 
the middle line above the nares, and enter to a small extent into the 
formation of the nares ; while the frontals are very short and wide. 
The parietals are also much wider than in the other species. This 
skull also differs by the strongly marked impressions of the epidermal 
shields in the fronto-nasal region, which are liable to be mistaken 
for the sutures. ‘The indistinctness of many of the sutures appa- 
rently shows that this specimen belongs to an adult individual, and 
consequently that the species was of smaller size than either of the 
preceding. There is a possibility that this species may really 
indicate a distinct genus. This specimen is important as showing 
that the squamosal, if not actually articulating with the parietal, 
was at all events closely approximated to that bone. The con- 
formation of the anterior border of the tympanic ring is also very 
clearly dispiayed. 


2. Chelonide from the Cambridge Greensand and Gault. 


CHELONE JESSONI, 0. sp. 


In the above-mentioned ‘Index’ no mention is made of any 
remains from the Cambridge Greensand which are referred to the 
family Chelonide, and it is therefore of some interest to be able to 
bring forward evidence of the existence of apparently two genera of 
that family in these deposits. Of the first form I have evidence 
in portions of the skull—the cranial portion being from the Gault, 
while the mandibles, which I take as the type, are from the Cam- 
bridge Greensand. Of the cranium the British Museum possesses 
the palate (No. 47209) of a large Chelonian from Folkestone, which 
appears to be that of a Turtle, and which would accord in relative 
size with the larger of the undermentioned lower jaws. This palate 
appears to have been ridged, and in its narrow form agrees with 
Chelone rather than with Thalassochelys, Of the mandible there 
are two specimens—one in Mr. Jesson’s collection, and the other in 
the British Museum (No. 35186). The latter, which is figured in 
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the accompanying woodcut, and is somewhat smaller than the example 
in Mr. Jesson’s collection, is taken as the type of the species. From 


Fig. 1.—Lateral and Oral Aspects of the Mandibular Symphysis of 
Chelone Jessoni; from the Cambridge Greensand. (2 nat. size.) 


their extremely large size, I take it that these specimens are pro- 
bably referable to marine Turtles, and do not belong to Rhinochelys, 
which we have no evidence to show attained anything like these 
dimensions. Assuming that I am right in this respect, the specimen 
may be described as follows :—The symphysis is considerably elon- 
gated, and the palatal surface deeply concave, with a distinct median 
ridge, tending to form a tubercle at its posterior extremity. Infe- 
riorly the symphysis is deep, narrow, and highly convex. in all 
these respects the specimens agree very closely with the mandible of 
the Hawksbill; and since the palate of the above-mentioned cranium 
likewise approximates to that of the latter, there is a strong pre- 
sumption that both the cranium and mandibles may belong to one 
and the same species*. The present type of mandible, it may be 
added, is quite different from that of Chelone Hoffmanni of the 
Maastricht Cretaceous. It remains to consider whether these spe- 
cimens can be referred to any Cretaceous species already described. 
Now it appears to me, judging from the Ichthyopterygia and Sauro- 
pterygia, that a considerable number of the reptiles of the Cambridge 


* The presence of oral ridges in one species of Thalassochelys renders it 
possible that the present form belongs to that genus, 
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Greensand are not specifically separable from those of the Chalk ; 
and there is accordingly a probability that the specimens under con- 
sideration may be referable to Chelone Benstedi of the last-named 
deposit. That species is, unfortunately, known to us only by the 
young shell, and doubts have been raised whether it is really 
referable to the Chelonide. J have, however, no doubt that this 
reference is correct, and I may add that in this view I have the 
support of my friend Mr. Boulenger; while the contour of the 
carapace is unlike that of Lytoloma. That form differs, however, 
from existing species of Chelone inits carapace being pointed at both 
extremities, in which respect it agrees with C. Hoffmanni*. I do 
not, however, regard this difference as necessarily of more than 
specific value, and do not therefore propose at present to adopt Sir 
R. Owen’s name of Cimo[lio |chelys for the species in question. 

It is, of course, impossible to say whether the specimens under 
consideration are or are not specifically identical with C. Bensted: ; 
but in the absence of any evidence of this identity, although bearing 
in mind how extremely undesirable it is to take different parts of 
the skeleton as specific types, 1 propose to refer them provisionally 
to a new species, as C. Jessoni. 


LyToLOMA CANTABRIGIENSE, 0. Sp. 


The specimens which I have now to describe are in the British 
Museum and comprise an imperfect mandible (No. 35178) and 
a humerus (No. 35175). Both were purchased at the same time, 
and were very probably associated ; but I take the mandible as the 
type. The latter (fig. 2) comprises the entire symphysis and por- 
tions of the two rami. The symphysis is relatively long and wide, 
and is devoid of ridges superiorly, while inferiorly it is distinctly 
convex. The general contour of the specimen is essentially that of 
the Chelonide, and it is quite impossible that this type of mandible, 
which is common in the Cambridge Greensand, can have belonged 
to Rhinochelys, of which the mandible is quite different. 

Taking it, then, as certain that this mandible is referable to the 
Chelonidze (in which I include the Propleuride of Messrs. Dollo and 
Cope), it is clear that it cannot belong to Chelone or to the London- 
Clay Turtles mentioned below under a new generic name, since in 
these forms the mandible is ridged. Of genera with smooth oval 
surfaces to the palate and mandible we have two, namely, the one 

‘which M. Dollo terms Huc/astes, and the existing Thalassochelys. 
Before proceeding further it is, however, necessary to mention that 
the name SHuclastes, Cope (1867), is preoccupied by the name 
Euclusta, Led.f, and must therefore be discarded. M. Dollo t has 
recently given what he considers to be the synonymy of this genus, 
and he employs the term Huclastes in place of the earlier Osteopygis 
as having been founded on the skull instead of the shell, considering 


* Dr. Baur has proposed the generic term Adloplewron for this species. 

tT Verh, zool.-bot. Ver. Wien, 1855, p. 252. 

t Geol. Mag. dee. 3, vol. v. p. 261; and Ann. Sci, Géol. Nord, vol. xv. p. 114 
(1888). . 
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that the shell alone is insufficient to afford certain generic characters. 
For the same reason the term Propleura of Cope (1870) must be re- 
jected. We have, however, the name Lytoloma, Cope, based on the 
evidence of the mandible, and which is earlier than Gilossochelys, 
Seeley (1871), which was based on the skull. There is, indeed, the 
name Puppigerus, Cope (1870). ‘The type of that genus must be 
taken to be Chelone longiceps, Owen, as being the first-mentioned of 


Fig. 2.—Ventral and Lateral Aspects of the Imperfect Mandible of 
Lytoloma cantabrigiense; from the Cambridge Greensand. 
(Nat. size.) 


the English Eocene forms on which that genus is based. Now the 
skull of that form, as I have recently found, is similar to that of the 
young of the so-called Chelone crassicostata, one of the typical forms 
of Huclastes; and Puppigerus is therefore a synonym of the latter, 
The names Lytoloma and Puppigerus occur in the same volume; but 
since the former comes first, and the latter includes forms which 
are distinct, I propose to adopt Lytoloma in the place of Huclastes. 

I may also mention that in young individuals, and perhaps in the 
adult of some of the apparently smaller forms, like L. trigoniceps ot 
the Bracklesham beds, the mandibular symphysis (as shown by a 
specimen in the Museum of Practical Geology) is shorter and more 
convex than in the adult of L. crassicostatum and L. planimentum, and 
is thus almost similar to the mandible of T’halassochelys. 

In these respects the present mandible agrees very closely with 
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the mandible of Z. trigoniceps, and in the absence of any evidence 
to the contrary should apparently be referred to the same genus. 
The right humerus under consideration (fig. 3) differs, however, 


Fig. 3.—Dorsal Aspect of the Right Humerus of Lytoloma cantabri- 
giense ; from the Cambridge Greensand. (Nat. size.) 


g, head; h, radial process; 7, ulnar ditto; ¢, ectepicondylar canal. 


from that of the Eocene Lytoloma (Huclastes) figured by M. Dollo, in 
that the head is less oblique to the shaft, and the radial process less 
closely connected with the head. The shaft has, however, the same 
marked constriction as in the latter. In the position of the head 
this type of humerus is, indeed, more like that of Chelone than of 
Thalassochelys, which approaches to the Kocene one figured by M. 
Dollo. Its constricted shaft separates it, however, widely from 
Chelone ; and it is distinguished from both the existing genera by 
the solid triangular mass formed by the radial process. 

I do not, however, regard these slight differences as necessarily 
indicating generic distinction; and I therefore propose, on the 
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assumption that the humerus and mandible belong to the same form, 
to refer them to Lytoloma. This view is in harmony with that of 
M. Dollo, who refers a very similar mandible from the Chalk, 
figured by Sir R. Owen in his ‘ Cretaceous Reptilia,’ pt. i. pl. vii. 4, 
fig. 4, to this genus (Huclastes) *, 

With regard to specific distinction, the pointed posterior end of 
the carapace of Chelone Benstedi is different from that of the Eocene 
species of Lytoloma, in which the carapace is rounded behind ; so 
that the presumption is that the Greensand form does not belong to 
that species. Under these circumstances I propose the name Lyto- 
loma cantabrigzense for the latter, taking the mandible as the type. 

It is possible that in this form and L. trigoniceps of the Brackles- 
ham Beds we have species differing somewhat from the typical Lower 
Eocene forms and approximating to Thalassochelys. 

I may observe, in passing, that humeri in the British Museum 
(e. g., No. 35365) indicate the oscurrence of Athecate Chelonians in 
the Cambridge Greensand, which I am disposed to refer to the 
American Cretaceous genus Protostega of Cope. 


3. ARGILLOCHELYS (nov. gen.) from the London Clay. 


I may take the opportunity of mentioning that the skull figured 
in pl. xv. of pt. 1. of Owen’s ‘ Reptilia of the London Clay’ as the 
type of Chelone cuneiceps appears to me to indicate a form presenting 
affinities both with Lytoloma, Thalassochelys, and Chelone, but 
which cannot be referred to any one of these genera. I believe that 
the skull figured on pl. xxv. of the same writer’s ‘ History of British 
Fossil Reptiles,’ vol. 11. Chelonia, under the name of Chelone convexa, 
also belongs to the same species ; the occipital shield (interoccipital 
of Owen) being thrust back in the adult. For this form I pro- 
pose the generic name Argillochelys, of which I shall give the full 
description in the British Museum ‘ Catalogue of Fossil Reptilia ;’ I 
may mention, however, that it is chiefly characterized by the extreme 
shortness and anterior breadth of the pterygoids, in which the lateral 
borders are deeply emarginate, and the ectopterygoid processes are 
placed at the antero-external angles instead of near the middle of 
these bones. The palate and mandibular symphysis are ridged, 
and, at least in the young, the skull has an azygous occipital shield, 
as in Thalassochelys. I believe that other Chelonians from the 
London Clay described by Sir R. Owen may also be referred to this 
genus, and especially the skull figured under the name of Chelone 
brachyceps. Some of these forms were included by Prof. Cope in 
his Puppigerus. 


4, PLestocHELys (n. sp.) from the Wealden. 


On page 272 of a paper published by Mr. G. A. Boulenger and 
myself in the ‘Geological Magazine’ for 1887, mention is made of 


* Ann. Soc. Géol. Nord, vol. xv. p. 122 (1888). 
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the shell of a Chelonian from the Wealden preserved in the Natural 
History Museum, which indicates a species of the genus Plestochelys 
so nearly allied to P. sanctce-verene, Rutimeyer, of the Kimeridgian 
of Switzerland, that we were provisionally inclined to refer it to the 
same species. 

[ have lately received the loan of another Chelonian shell, belong- 
ing to the Rev. P. B. Brodie, from the Wealden of Atherfield, in 
the Isle of Wight, which indicates the occurrence of a second 
English species of Plesiochelys, also allied to a species from the Swiss 
Kimeridgian. 

Of this specimen a restored view of the carapace and plastron are 
given in figs. 4,5. Unluckily the neural and costal bones of the 
carapace have all been dislocated, and in some cases overlap one 
another to a certain extent; while several of the neurals and nearly 
all the marginals are missing. Fortunately, however, the sulci 
formed by the boundaries of the vertebral and costal epidermal shields 
are very clearly marked, and are sufficient to show the entire con- 
tour of the vertebral shields. The plastron is nearly entire, and 
shows the absence of a mesoplastral, by which the specimen is at 
once distinguished from Plewrosternwm; the epi- and entoplastrals 
have been dislocated, and thrust in between parts of the broken 
nuchal of the carapace. 

The general contour of the specimen, and especially the sinuous 
outline of the borders of the vertebral shields, and the distinct, oblique, 
longitudinal striation of the neural and adjacent portions of the 
costal bones, together with the four long and narrow infra-marginal 
shields on the plastral surface, indicate without doubt that the 
specimen belongs to the genus Plesiochelys. 

In the complete ossification of the plastron it agrees with the 
Kimeridgian species P. solodurensis, Rutimeyer*, and probably with 
P. sancte-verene, Ritimeyer +, and differs from P. Htalloni of the 
same writer, in which there is a persistent plastral vacuity. It 
further differs from P. sanctee-verene, and the above-mentioned 
Wealden shell, by the much less strongly marked striations on the 
neurals and costals, which are mainly confined to the median 
region of the carapace; the vertebral shields are also relatively 
narrower. The plastron of P. sancte-verene is unknown; but that 
of the allied Wealden form is relatively shorter and wider, and cou- 
nected by a longer bridge with the plastron. 

Compared with Rutimeyer’s figures of the upper and under sur- 
face of the male shell of P. solodurensis already cited, the resem- 
blance presented by the present specimen is so exceedingly close as 
to leave no doubt of the near relationship of the two forms. In the 
English specimen the pectoral shield of the plastron is nearly as long 
as the abdominal, instead of being very much shorter; while the 
posterior border of the abdominal is much less oblique. The infra- 
marginals are, moreover, relatively wider in the English form. On 
the carapace the chief difference that can be detected between the 


* Foss. Schildkroten von Solothurn, pl. xii. 
t Ibid. pl. xiii. 
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two forms consists in the much narrower costal shields of P, sancte- 
verenc, or, in other words, the wider vertebrals. 


Fig. 4.—Restoration of the Carapace of Plesiochelys Brodiei; from 
the Wealden of the Isle of Wight. Z. 


With the exception of the marginals the restoration is entirely based on the 
actual remains preserved. 


The letters 2 1 to 2 8 indicate the neural, and ¢ 1 to ¢8 the costal bones. 


Although I am aware that the size and contour of the epidermal 
shields is liable to a considerable variation among existing Chelo- 
nians, and affords a somewhat unsatisfactory basis of specific dis- 
tinction, yet, taking into account the constancy in the contour of 
the shields of the specimens described by Riitimeyer, and the wide 
difference in the age of the geological horizons of the Swiss and 
English forms, I am disposed in this instance to regard these features 
as of specific value. The English form may be designated, after the 
owner of the type specimen, Plesiochelys Brodiet. 

On further comparison of the second Wealden shell of a Plesio- 
chelys (B.M. No. 28976), I find that this specimen is distinguished 
from P. sancte-verene by its narrower costal shields, and I accordingly 
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propose to regard it as the type of a second Wealden species, under 
the name of P. valdensis. 


. Fig. 5.—The Plastron of Plesiochelys Brodiei. (7 nat. size.) 
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1, intergular shield; 2, gular ditto; 3, humeral ditto; 4, pectoral ditto ; 
5, abdominal ditto ; 6, femoral ditto; 7, anal ditto. 


Both P. Brodie and P. valdensis may, in all probability, be re- 
garded as the direct descendants of the two Kimeridgian species to 
which they are respectively allied, and it is interesting to note the 
long continuance of the two types, each represented by a Kime- 
ridgian and a Wealden species. It is further somewhat remarkable 
that in both types the Wealden form differs from the Kimeridgian 
in the same characters. 


5. CHELONE ereas, Owen, from the London Clay. 


In his ‘ History of British Fossil Reptilia,’ vol. iii. p, 188, and 
vol. iv. pls. xxx., xxxi., and also in his ‘ Reptilia of the London 
Clay,’ vol, ii. pls. i., ii. (1880), Sir R. Owen described a large Che- 
lonian skull from the London Clay, under the name of Chelone gigas. 
Having had occasion recently to examine this specimen (which is in 
the Natural History Museum), I find that it differs in toto from the 
Chelonide, and agrees in all essential characters with Dermatochelys 
(Sphargis), this being at once shown by the absence of a floor to 
the nasal passage, and the consequent forward position of the poste- 


Q. J. G.8. No. 178. T 
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rior nares, and the general contour of the bones of the palate and 
occiput, which are totally different from those of the Chelonide ; 
similarly, in the upper surface of the skull the peculiar upward 
direction of the nares, and the thin bar separating them from the 
large orbits, both of which are characteristic features of Dermato- 
chelys. A second skull in the Museum exhibits, moreover, the 
absence of descending parietal plates which distinguish the skulls of 
this group from those of all other Chelonians. Further evidence is 
afforded by a humerus attached to the block in which this skull is 
imbedded, which is of the same general type as that of the under- 
mentioned extinct genus. 

The skull is much flatter and wider than that of the existing 
genus, and in this respect it agrees with the description given by 
M. Dollo* of the Miocene and Upper and Middle Eocene genus Pse- 
phophorus, an extinct representative of the Dermatochelydide. For 
the present, therefore, until I have investigated into the structure of 
the carapace, I propose to refer the Lower Eocene form to the latter 
genus. 


[Nore, February 1889.—Since the above was written, I have 
made, in company with M. L. Dollo and Mr. Boulenger +, a careful 
examination of the mass of rock t described by Sir R. Owen in the 
memoir cited, which contains the bones of the pectoral girdle and 
portions of the ribs and carapace of this form. The remains con- 
tained in this mass of rock are stated by Sir R. Owen to have been 
associated with the figured cranium; but although this is not the 
case, there is no doubt that these bones belong to the same form, 
since there is associated with them the distal portion of a humerus $ 
corresponding exactly with the entire humerus attached to the un- 
figured cranium. It was on the evidence of this specimen that Sir 
R. Owen relied in referring the species to Chelone rather than to 
the Dermatochelyide. 

The six or seven large and transversely elongated bony plates lying 
on the dorsal surface of the ribs of this specimen were described by 
Sir R. Owen as neural bones. In addition, however, to their wide 
difference in form from the neurals of any known Testudinata (The- 
cophora) it can at once be shown that this interpretation is incor- 
rect, since three of them overlie two ribs. Again, at that extremity 
of the specimen where they overlie the ribs they can distinctly be 
seen to form a separate layer: while at the other extremity of the 
slab they are not underlain by ribs at all. This clearly shows that 
these plates are merely dermal ossifications, which from their posi- 
tion evidently formed a median dorsal series. The total absence of 
polygonal tesserze like those of Psephophorus in this slab, and also in 


* Bull. Mus. R. Hist. Nat. Belg. vol. vy. p. 59 e¢ seg. (1883); also Ann. Soe. 
Sci. Brux. 1887, p. 139 ez seg. 

t+ Iam greatly indebted to these gentlemen in regard to the determination of 
the real nature of the carapace in this specimen. 

t B.M. No. 44089. 

§ B.M. No. 44090. 
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the matrix containing the unfigured skull and associated bones, leads 
to the conclusion (as suggested to me by M. Dollo) that the cara- 
pace of this form consisted only of the median row of ossifications, 
together with a series of marginals. M. Dollo also states that, al- 
though the cranium is very like that of Psephophorus, yet there are 
certain differences, and more especially the apparent absence in the 
premaxille of the descending process found in that genus and Der- 
matochelys. 

Under these circumstances, I am disposed to regard Chelone gigas 
as indicating a new genus of Dermatochelyide, for which I pro- 
pose the name LHosphargis, and which may be briefly defined as 
follows :—Skull and humerus of the general type of Psephophorus ; 
carapace consisting of a median dorsal row of large carinated plates, 
of which the width largely exceeds the length, and probably also of 
a series of large marginals. | 


6. Dacocuztys (n. gen.) from the London Clay. 


Among the numerous remains of Chelonians from the London Clay 
in the British Museum is the imperfect anterior extremity of the man- 
dible of a large form (No. 39257), hitherto placed with the Chelonide, 
but which has evidently nothing to do with that group. The whole of 
the symphysis is nearly entire, and affords very distinctive characters. 
The outer alveolar ridge is, indeed, somewhat broken, but sufficient 
remains to show that it was elevated mesially into a sharp point, 


Fig. 6.—Restoration of the Anterior Extremity of the Mandible of 
Dacochelys Delabechei, viewed from in front and from the right 
side ; from the London Clay. (% nat. size.) 


while laterally it had a number of tooth-like processes similar to 
those in the Batagurs and in Testudo elephantina. This character 
at once distinguishes the specimen from all members of the Chelonide, 
in which the alveolar borders of the jaws are invariably smooth. 
Within this alveolar ridge is a deep groove, succeeded inwardly by a 
second ridge, which appears to have been likewise serrated, and is 
higher than the outer one. In the middle line the inner ridge is 
developed into a huge triangular process, projecting far above the 
Tee, 
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level of either of the two ridges, which is evidently the representa-: 
tive of the much smaller process found at the hinder border of the 
mandibular symphysis of the Hawksbill Turtle. 

No existing Chelonian has anything like this extraordinary deve- 
lopment of this process as seen in the present specimen ; and it is 
quite evident that the cranium of the form to which this mandible 
pertained must have had a deep pit on the oral surface of the palate 
for the reception of the spine-like process. It may further be con- 
cluded that our specimen indicates a Chelonian of herbivorous habits. 

The Chelonians haying serrated alveolar borders to the mandible 
having been mentioned, it will be well to show how they differ from 
ourspecimen. Firstly, with regard to Testudo elephantina, the sym- 
physis is so much shorter, and the whole contour is so different, that 
it is quite ciear that our specimen does not indicate a type in any 
way allied. Compared with the Batagurs (Hardella, Kachuga, &e.) 
there is somewhat more resembiance; but in that group the inner 
ridge of the symphysis is always lower than the outer, and in neither 
of the genera is the contour of the whole symphysis like the present 
specimen. In the Carnivorous Testudinide the mandibular sym- 
physis differs very widely from the latter. 

Among existing forms the type of mandible which seems to come 
nearest to the fossil is that of the genus Podocnemis, the sole existing 
herbivorous genus among the Pleurodira. This resemblance is 
noticeable in the whole general contour of the symphysis, and espe- 
cially in the circumstance that the inner ridge is higher than the 
outer. It is true that Podocnemis has no serrations on the ridges, 
nor a median process like that of the present specimen, but these 
might be merely generic differences. 

Having, then, decided that the specimen under consideration indi- 
cates a large Chelonian generically distinct from any existing type, 
but apparently showing resemblances to Podocnemis, we have to 
face the problem whether it can be identified with any of the forms 
hitherto described from the London Clay. Now the Chelonia of 
those beds comprise, in the first place, certain Dermatochelydida, 
Chelonide, and Trionychide ; and it is quite clear that our speci-' 
men has no affinity with either of these three families. Next we 
have the genus Pseudotrionyx, of which the full affinities are un- 
known, but which appears to be more or less closely allied to the 
carnivorous Chelydride. If this view be correct, there will be little 
doubt that our specimen is not referable to Pseudotrionyx. 

There is, however, more satisfactory evidence to show that the 
present specimen is not referable to Pseudotrionyx. The imperfect 
skull figured in plate xxxix. figs. 1, 2, of Owen’s ‘ Reptilia of the 
London Clay,’ and provisionally referred to the Pleurodiran genus 
Platemys, has recently been cleaned from matrix, and found not only 
to be Cryptodiran, but to be essentially Chelydroid. Now, since 
Pseudotrionyx is Chelydroid, it is practically certain that this skull 
belongs to that genus. The alveolar margins of that specimen are 
entire, and the whole character of the skull agrees very Co in 
general features with that of the existing Macroclemmys. 
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Of the other Chelonians of the London Clay the only form which 
attains dimensions corresponding to that of the jaw before us is 
the species described by Sir R. Owen as Hmys Conybeari, which 
has been shown by Mr. Boulenger and myself, in a paper published 
in the ‘ Geological Magazine’ *, to be a Pleurodiran, and specifically 
identical with the so-called Hmys Delabechei. From the marked re- 
semblance of its shell to that of Podocnemis, we provisionally referred 
the species to that genus as P. Delabecheix. Now we have already 
seen that the mandible before us presents a certain resemblance to 
that of Podoenemis, and there is accordingly a strong presumption 
that it may belong to the last-mentioned species, which in that case 
will not be referable to Podocnemis. It is, of course, impossible to 
be certain of this identity ; and since, if I am right in considering . 
that it is not referable to Pseudotrionyx, our specimen indicates a 
new genus, I propose to regard it as the type of one under the name 
of Dacochelys Delabechei. If this mandible be identical with the so- | 
called Hmys Delabecher, then Owen’s specific name will stand for 
both, but if not, the present specimen will indicate also a new 
species. 


7. Tooth of (?) OnntrHopsts from the Wealden. 


In fig. 4, plate ii. of the preceding volume of the Society’s ‘ Jour- 
nal,’ I figured the tooth of a Sauropodous Dinosaur from the 
Wealden of the Isle of Wight, which I considered might probably be 

referable to Ornithopsis (or Pelorosaurus, if the two be identical and 


Fig. 7.—Inner surface of the crown of a Tooth of (?) Ornithopsis ; 
from the Wealden of Kent. (Nat. size.) 


we employ the earlier name). Recently, Mr. R. Etheridge showed 
me the crown of a tooth collected by Mr. Willett from the Wealden 
of Kent, which I at once recognized as of the same type as the 
above-mentioned specimen. This specimen (fig. 7) I think worthy 
of notice as being the only other example known to me, and as 


* Decade 3, vol. iv. pp. 274, 275 (1887). 
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having led me to recognize that the teeth mentioned below are refer- 
able to the same suborder. 

The present specimen is somewhat more worn at the summit and 
at the edges than the preceding example, and also differs slightly in 
contour from the latter. These differences are, however, not greater 
than might reasonably be expected to occur in teeth from different 
parts of the jaw of one and the same species; but I do not desire to 
press the point of specific characters one way or the other. That 
which, however, has especially interested me in that specimen is its 
general resemblance to teeth from the Portlandian of Boulogne, 
which have been described and figured, firstly under the name of 
Neosodon, and subsequently as Caulodon. The type of the former 
is figured by Count de la Moussaye in a paper published in 1885 *; 
and consists of the worn crown of a large tooth, haying a transverse 
diameter of one and a half inch. A comparison of this figure with 
the figures of the two English teeth from the Wealden shows at 
once that the three belong to closely allied forms, although the 
English specimens are only one inch in diameter. This general 
identity is manifest by the general spatulate contour of the crown, 
with the concave inner and convex outer surface, and the truncate 
inverted V, formed by the worn summit and margins. Count Mous- 
saye makes no suggestion as to the affinity of his Neosodon, beyond 
saying that the tooth appeared to be somewhat intermediate between 
the teeth of Jguanodon and Megalosaurus. 

The next communication on the subject which I have to notice is 
one recently published by Dr. E. Sauvage, who describes and figures} 
other teeth from the Portlandian of Boulogne which are similar to 
the type of Weosodon. M. Sauvage, however, identifies them with a 
tooth previously described by himself as [guanodon precursor t, and on 
the verbal evidence of Prof. Cope refers them to the genus Caulodon, 
founded by the. latter writer on specimens from the Upper Jurassic 
of North America. As to whether the latter reference is or is not 
correct, I have nothing to say, because, so far as I am aware, the 
teeth of the typical Caulodon are not figured, and I know not 
whether that genus is distinct from all of those described by Prof. 
Marsh. 

When, however, M. Sauvage proceeds to say that these teeth indi- 
cate a member of the Iguanodontide, he is clearly mistaken, since 
there can be no question but that they are of the general type of the 
above-mentioned English teeth, which are undoubtedly Sauropo- 
dous. It is quite probable, indeed, that they may be referable to 
Ornithopsis humerocristatus § of the Kimeridgian of Weymouth, or 
to a closely-allied form. And here I take the opportunity of cor- 
recting an error in my previously quoted paper, into which I was 
led by a mistaken interpretation of a figure in one of Prof. Marsh’s 
memoirs. I there referred the vertebre from the Kimeridgian of 


* Bull. Soc. Géol. France, sér. 3, vol. xiii. p. 51, fig. 1 (1885). 

t Ibid. sér. 3, vol. xvi. p. 626, pl. xii. figs. 1-4 (1888). - 

{ See also Dollo, Rev. Quest. Sci. vol. xvii. p. 627. 

§ = Cetiosaurus humerocristatus, Hulke; vide Q.J.G.S8. vol. xliv. p. 57. 
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Swindon, described by Sir R. Owen as Bothriospondylus suffosus, to 
the Theropoda; but they are undoubtedly those of a young Sauro- 
podous Dinosaur, and from their general resemblance to the vertebree 
of the Wealden Ornithopsis may be referable to O. humerocristatus. 

On the other hand there is a possibility that the teeth in question 
may be allied to the Kimeridgian form represented by the vertebra 
in the Cambridge Museum, to which Prof. Seeley has applied the name 
of Gigantosaurus, and which is apparently different from the vertebree 
of Ornithopsis. I may observe, however, that I have great hesitation 
in deciding whether that name ought to be adopted ; firstly, because 
the type has never been figured; and secondly, because the name 
G. megalonyx is clearly applicable to the ungual phalangeal which 
is mentioned with the vertebra, but which may equally well, as I 
have indicated, in pt. 1. of the British Museum ‘ Catalogue of Fossil 
Reptilia and Amphibia,’ belong to Ornithopsis humerocristatus. 

Passing to an older deposit, two teeth of smaller size, but of pre- 
cisely the same general type, from the Forest Marble of Wiltshire 
haye been figured by Sir R. Owen* under the name of Cardiodon 
rugulosus. Since, according to Prof. Prestwich, the remains of Céetio- 
saurus owonensis in the Oxford Museum were mainly obtained from — 
the Forest Marble, and not from the Great Oolite, it is highly pro- 
bable that the tooth in question is referable to that species. I 
am unable to determine the exact date of publication of the name 
Cardiodon; but the specific name rugulosus is much earlier than 
Phillips’s ovonzensis, and ought to replace the latter if the two forms 
be identical. 


[Appenpum.—Since the above was written, Mr. C. D. Sherborn, 
F.G.S., has given me a reference to the dates of publication of Owen’s 
‘Odontography.’ It thus appears that part i., containing plates 1., 
ii., and 1-48, was published in 1840; pt. ii., with plates 49-87 in 
1841; and pt. i1., with plates 87 a—150, in 1845. The name Car- 
diodon is therefore of earlier date than Cetiosawrus, which appeared 
in the ‘ Rep. Brit. Assoc.’ for 1841, published in 1842. I may also 
add that the tooth mentioned above as being figured under the 
name of Ornithopsis had, in 1852, been made the type of Hoplo- 
saurus armatus, Gervais, a name of earlier date than Ornithopsis.— 
March, 1889. | 


EXPLANATION OF PLATE VIII. 
Crania of Rhinochelys, from the Cambridge Greensand. 


Figs. 1, la. R. pulchriceps. Figs. 5, 5a. FR. elegans. 
2, 2a, 26. R. cantabrigiensis. 6, 64,66. R. Jessont. 
3, 3a. PR. brachyrhina. 7. R. macrorhina. 
4, Rt. elegans. 


All the figures are of the natural size. The originals of figs. 1, 2, 5 are in 
the British Museum, the others in the collection of T. Jesson, Esq. 

pms, premaxilla; mz, maxilla; », nasal; prf, prefrontal; jr, frontal; 
pt.f, postfrontal ; pa, parietal; sg, squamosal; g.7, quadratojugal ; 7, jugal. 


* QOdontography, p. 291, pl. Ixxv. a. fig. 7 (1840-45). 
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DiscussIon. 


Prof. Srezey remarked on the difficulty of the subject; he had 
himself deferred writing upon it in detail, and considered that 
details were not sufficiently numerous for the purpose of generali- 
zation. He believed his published conclusions were very similar to 
Mr. Lydekker’s, as regards general interpretation. In some details 
he differed from the Author. The fragment of marginal plate 
of Trachydermochelys, which Mr. Lydekker referred to Rhinochelys, 
was a case in point. He had much of the skeleton of Trachydermo- 
chelys, which showed different family affinities. His evidence was 
preserved in the collections of the Woodwardian Museum. He 
(Prof. Seeley) had long been acquainted with a Leathery Turtle from 
the London Clay, but he considered the specimen too imperfect for 
description. He was disposed to accept the identification of the 
tooth exhibited as belonging to Ornithopsis. Its occurrence in Kent 
was the more interesting; doubts had been expressed as to the 
Sussex vertebra of Ornithopsis belonging to the same genus as 
Ornithopsis Hulkei. He might be excused for not entering further 
into a discussion of questions which were very technical. 

Mr. Bovutencer congratulated the Author on the useful work he 
was carrying out amongst the fossil Chelonia, especially as regards 
their zoological position. Considering that one has usually to deal 
with mere detached skulls and fragments of shells, and hardly ever 
with cervical vertebra, the work was one’of great difficulty. But 
he was glad to hear that Prof. Seeley had nearly perfect skeletons 
of Rhinochelys, as these would solve the still somewhat doubtful 
question of the systematic position of that genus. 

Prof. SzeLey did not wish it to be understood he had complete 
skeletons, but very large portions of individual skeletons. He had 
cervical vertebre, which were abundant in the Cambridge Green- 
sand. 

The AvutHoR, in reply, observed that there was a possibility that 
some of the skulls of Rhznochelys were associated with the shells 
described as Trachydermochelys, and he was justified in provisionally 
suggesting the identity of the two forms until Prof. Seeley had 
proved their distinctness. 
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15. On some Novutar Fetstonszs of the Linyn. 
By Caruerine A. Ratsin, B.Sc. (Read February 20, 1889.) 


(Communicated by Prof. T. G. Bonnzy, D.Sc., LL.D., F.B.S8., F.G.S.) 


I. GenERAL Succession AND AGE OF THE Rocks. 


(a) Pen-y-chain. 
(1) Sections near the South Beach. 
(2) General summary of overlying rocks. 
(8) Series near Llym-gwyn. 

(0) Careg-y-defaid. 


TI. Some PerronogicaAL CHARACTERS OF THE ROCKS. 


(1) Mineralogical. 
(2) Perlitic, Spherulitic, and Micrographic structures. 
(3) Silicification. 
III. Nopuxar Structures. 

(a) Perlitic Spheroids. 

(b) Concentric structures in Nodules. 

(c) Agate Nodules; general considerations. 

(d) Examples of Agate Nodules. 
(1) Lithophysee with superimposed chambers, 
(2) Nodules with external ridges. 
(8) Nodules developed in certain Strata. 
(4) Occurrence of Amygdaloids. 
(5) Spheroidal Crack around Nucleus. 


Summary. 


Iy the descriptions which have been given of various igneous 
rocks from the Lleyn, no details have, I believe, been published of 
the two small outcrops near Pwllheli, to which this paper refers. 
Some specimens, which I collected in 1885, I showed to Professor 
Bonney, and, at his suggestion, I tried to make a more thorough 
examination of the rocks. The two masses rise, like small islands, 
from the drift-covered plain around, and project seawards in the 
headlands of Pen-y-chain and Careg-y-defaid. They are marked 
on the Survey map as consisting of intrusive felspar porphyry with 
agate nodules. I propose, first, to describe the general types of 
rock, and, secondly, to notice certain structures, especially those 
connected with the nodules. 


I, GeneRAL SuccEssion AND AGE OF THE Rocks. 


At Pen-y-chain the rocks show distinct evidence of stratification, 
and the beds seem, on the whole, to dip about N.N.E., although 
with irregularities, such as might be expected in volcanic masses. 
Thus the lowest strata which I reached were the rocks near the 
south or south-westerly point. They form the seaward part of the 
cliff, against which the long beach from Pwllheli terminates. The 
rock is darkly veined, with subangular fragments of whitish felstone, 
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which shows faint indications of fluidal structure and contains 
porphyritic felspar and quartz. This rhyolitic rock seems to have 
undergone a brecciation in situ; for some of the neighbouring frag- 
ments were evidently once continuous, and the blackish veins fade 
off at places and are lost in the felstone. The brecciation dies out 
in the beds above, and the last traces of the veining consist of more 
regular lines joining darkened knots, which prove to be porphyritic 
crystals, surrounded and penetrated by the dark granular deposit. 
This deposit similarly aggregates around and within the crust of 
nodules which occur along one band. The dark lines form curves 
of large radius, tangential to the rock-lamine, or to the surfaces of 
porphyritic crystals, as if due to perlitic contraction acting under 
constraint. Along the curves within one quartz grain the deposit 
has formed very minute scales of an irregular stellate appearance, 
possibly a kind of radial or dendritic development (fig. 1). 


Fig. 1.—Chains of Stellate Spherulitoid Enclosures along the curved 
surface of a crack, which crosses a clear porphyritie quartz- 
grain; the crack seems probably due to perlitic contraction. 
From quartz-felsite of Pen-y-chain, above brecciated rock. (Kn- 
larged 350 diameters.) 


Along the next beach to the eastward, which is the most southerly 
of the district, some of the lowest rocks are of the brecciated 
character described. Certain bosses below high-water mark consist 
of a very compact, ill-mixed, pink and grey felsite, with flecks of 
pyzites. On surfaces smoothed by the waves are small curved 
furrows, like indentations of finger-nails widened irregularly by 
weathering. These would seem to be perlitic cracks, which the 
microscope shows to be abundant in the rock and even in its porphy- 
ritic quartz. The face of the cliff, which is about in the line of 
strike, exposes horizontal, ashy and agglomeratic layers. The dip is 
northerly, about 35° (fig. 2). The fragments in the agglomerate | 
may be as much as six inches in length. Some are of slate; many, 
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especially the larger, are of felsite, resembling, lithologically, the 


neighbouring rocks; thus, one fragment exhibits part of a large 
radialized structure within a spherulitic matrix. 


Fig. 2.—Pen-y-chain. Cliff-section, south beach. 
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a, Compact rhyolitic rock with brecciated veins. 6. Agglomerate. c. Ashy beds. 


The great mass of the Pen-y-chain felsite which follows consists 
of a compact brownish rock, including small porphyritic quartz and 
felspar. The rock is markedly fluidal, and the weathered surface 
has a slaggy look. The microscope-slides exhibit small elongated 
nests of clear intercrystallized grains, showing in a few cases a 
shaded spherulitic cross when viewed in polarized light. Some, at 
least, of these aggregations appear to be filled-up cavities of the lava. 
The bordering quartz is radial in its arrangement and often pyra- 
midal; the cavities are ranged in irregular bands parallel with 
the flow, and one is bent around the corner of a large felspar at a 
little distance from it. 

By the third beach, going northward, brecciated rock occurs, 
possibly a repetition of that first described. Around the point of 
Craig-y-baredy, some of the rock weathers rough and vesicular, but 
others of the old lavas, now much silicified, seem to have been more 
homogeneous, and lines of incipient spherulites mark the even flow, 
diverted at places around included crystals, which contain alteration- 
products of chalcedony and viridite. The coast-section of the rocks 
ends here against low sandy cliffs. 

Inland, over the promontory, are many bosses of bare rock, and 
at two places it has been quarried. It is mainly felsite, compact 
and silicified, often breaking with a subconchoidal fracture. Some 
of the fresh rock is grey and flinty-looking, at other places it has 
alternating pinkish and greyish bands. The fluidal character, 
moreover, is often well developed by weathering as a furrowing of 
the surface. 

Rocks from Pen-y-chain reminded me, lithologically, of Welsh 
* felsites of Bala age, and the neighbouring district is classed as 
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belonging to that formation; but the nearest fossiliferous outcrop 
recorded: is distant two or three miles. The country around is 
drift-covered, but I found some indications of stratigraphical position 
near the streamlet which flows to Llym-gwyn. Felsite of the 
usual type occurs close by the cottages, although further south, just 
beyond the railway, is one outcrop, which seems probably an ash, 
consisting of broken felstone and some slate. Walking northward 
for about thirty yards, along the path east of the stream, we pass 
over a small exposure of a peculiar black and white rock, which 
has a squeezed look. The milk-white fragments of felstone exhibit, 
under the microscope, traces of banding, possibly fluidal ; they are, 
at places, spherulitized, and contain abundant microliths or globulites. 
Slaty fragments are entangled, which are often rounded, and some 
are beginning to crack along curving boundaries. This rock seems 
to be a volcanic agglomerate, which has become schistose from 
pressure. 

Along the next 200 yards, well-banded ashy and slaty beds occur 
here and there, in which I found a few small fossils. These were 
several squeezed examples of Trinucleus concentricus, small specimens 
of Leptena sericea, a distorted Orthis elegantula, and other young 
forms of Orthis (sp.?). This assemblage has a Bala facies, and Mr. 
Etheridge, who very kindly identified some of the specimens for 
me, gave his opinion, from the fossil and lithological characters, 
that the strata may be taken as belonging, in all probability, to that _ 
formation. The microscope shows quartz and plagioclase felspar in 
small angular fragments and a minute secondary mineral; the 
meshwork of dark cleavage-planes crosses the beds almost at right 
angles. 

Some 30 yards succeed, occupied by a felspathic rock, part of 
which forms two small craglets overlooking the stream. The beds, 
although uniform, are well marked, dipping about N.N.E. at an 
angle of 45° or 50°. They are crossed by a cleavage similar to 
that of the slaty and ashy strata, and the subsequent pressure, 
which thus modified the rock, doubtless caused the fracturing of 
the included felspar. The appearance of the slide is suggestive, as 
Professor Bonney pointed out to me, of a very porphyritice rhyolite, 
now devitrified and crushed. 

The next outcrop is of a compact pale grey rock, which proves to 
be a felstone, enclosing small fragments of slate, quartz, and felspar. 
The fluidal layers are much contorted, and exhibit a deposit of a 
minute secondary mineral. 

Thus the Pen-y-chain felsites seem to pass upward into a series 
of agglomerates and lavas, with interbedded slates and grits, including 
Bala fossils. If the igneous strata of the Snowdon district once 
extended over the Lleyn, as suggested in the Survey Memoir*, the 
Pen-y-chain mass may be a remnant of such volcanic .accumu- 
lations. 

The small area of Careg-y-defaid does not need separate detailed 
description.- A fine fluidal structure in a porphyritic rock is well, 


* The Geology of North Wales. pp. 218, 221. 
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marked at parts (to the N.W. and the N.E.) by light- and dark-grey 
lines bending around pinkish crystals, and the rock, under the 
microscope, is seen to be much broken and silicified. Southwards 
the mass is compact and uniform ; it shows at one place curvitabular 
jointing, similar to that figured by Professor Bonney from the 
basalt of La Prudelle *. 


IL. Some PetRoLtogicaAL CHARACTERS OF THE Rocks. 


The general character of the ground-mass has been indicated as 
fluidal and sometimes slaggy, with a finer or coarser devitrification. 
The distinct crystals are, many of them, alteration-products, such as 
forms of viridite or of chlorite, sometimes vermicular or spherulitic. 
Leucoxene is found, often with cuneiform magnetite within, and, in 
one rock, some apatite. Hpidote is not uncommon, and, in several 
slides, is connected with aggregations of dark grains, which, although 
obscure, I believe to be themselves mainly epidote, either skeleton- 
crystals, or formed as pseudomorphs, possibly after augite. The 
spaces between the grains cross rectangularly, as might happen 
from a corrosion of that mineral. There is some free quartz, but 
the felspars form the chief of the porphyritic crystals. A few of 
these exhibit under polarization deep purple and red colours; some 
are kaolinized, some are clear, possibly a result of pseudomorphism ; 
and others have undergone replacements, which I will discuss 
later. 

The normal perlitic structure of glassy rocks is well shown +. 
Sometimes it is marked by viridite or a ferruginous deposit; and in 
slides from some noduliferous localities, fibrous chalcedony stretches 
across the cracks and fills them up, resembling in miniature the 
chalcedonic bands in the crust of many agate nodules. 

Spherulites showing the black cross occur, sometimes isolated and 
rounded +. Some have viridite or a ferruginous deposit aggregated 
towards the centre. Others are clear and homogeneous, and look as if 
silicified; these are most marked where chalcedony has been deposited 
in perlitic cracks. They often form the whole ground-mass, ‘“inter- 
locking with irregular outlines,” as described by Professor Bonney §, 
and doubtless indicate, as he suggests, some secondary change. They 
are similar to the spherulites (“hérissées d’aspérités”) developed 
in glass by Daubrée’s experiments ||. In some slides the spherulites 
are not without relation to perlitic cracks, which may encircle them, 
or may be directed towards the interior and be traceable again 
beyond the interruption. In one example the ground shows perlitic 


* “On Columnar, Fissile, and Spheroidal Structure,” Quart. Journ. Geol. 
Soe. vol. xxxii. 1876, p. 146, fig. 6. 

t Compare Mr. Rutley, “ Lavas of Glyder Fawr,” Quart. Journ. Geol. Soe. 
1879, vol. xxxv. p. 508. “Rocks from Beddgelert and Snowdon,” Quart. 
Journ. Geol. Soc. 1881, vol. xxxvii. p. 403. 

{ ‘British Petrography,’ J. J. H. Teall, pl. 38. 

§ Pres. Addr. Geol. Soc. 1885, p. 68. 

|| Géol. Expér. p. 170, fig. 45; see also a group in the Saulieu rock, Min. 
Micr., Fouqué and Lévy, pl. xii. fig. 1. 
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curves, and appears also minutely broken, like crackled china, with 
small spherulites within the finer network. . 

Other spherulites, unmarked by the black cross, and exhibiting 
radial fibres, are connected with various micrographic or dendritic 
formations. These are occasionally developed in relation to dark 
perlitic lines. Some groups form incipient spherulites within 
angular spaces. From others of the lines, microlithic tufts start, 
like sedge-plants along the water’s edge, similar to the dendritic 
growth described in Arran rocks *. One slide, cut from the junction 
of a non-spherulitic with a spherulitic stratum, shows that the 
boundary has given rise to a continuous series of fibrous tufts, like 
those formed along the border of adherent layers of glass f. 

Some of the micrographic structure in the Pen-y-chain slides has 
resulted from an alteration of felspar; of such development, Prof. 
Judd has given one illustration—and seems to promise further 
examples—from rocks of the Western Islands of Scotland+. In 
the Lleyn specimens the alterations may result in granular pseudo- 
morphs ; but these are related to examples, as in those described by 
Mr. R. D. Irving, in which the “corrosion or secondary quartz” 
forms “rows of graphic particles” along the cleavage-directions, or 
develops as “fine lines” §. One group of felspars has been thus 
metamorphosed (fig. 3). A square end of one crystal shows three 


Fig. 3.—Micrographic Structure modifying successive zones of a 
Porphyritic Felspar. From Pen-y-chain beach. (Knlarged 
40 diameters.) 
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distinct zones, the outermost of which presents a rather irregular 
fimbriate growth. The zone next within has finer strie, which 
meet at the corners along diagonal lines, forming in miniature a 


* «“ On Rock Structures in Arran,” Prof. Bonney, Geol. Mag. Nov. 1877, 


. 508. 
, + Pres. Addr. Geol. Soc., Prof. Bonney, 1885, p. 65. 
t Quart. Journ. Geol. Soc. 1886, p. 75, pl. vil. fig. 8. 
§ U. S. Geol. Surv. Copper-bearing Rocks of L. Superior, R. D. Irving, 
p. 118, pl. xiv. figs. 1, 2, pl. xv. fig. 4. See also Min. Mier. pl. ix., pl. x. fig. 2, 
pl. xi. fig. 1. Brit. Petrogr. Micro-pegmatite in pl. xxxv. fig. 2. 
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model of the devitrified sheet of glass described by Professor 
Bonney *, and showing similarly a shadowy transverse banding. A 
felspar in another slide includes a roughly spherulitic arrangement 
of micrographic growth, somewhat similar to the aggregation of 
fucoid-like pyroxene, illustrated by Mr. Allport +; but here at the 
centre of the radial group is a rounded quartz-grain. 

The micrographic and spherulitic growth may thus develop within 
felspar crystals, or subsequently to the formation of perlitic lines. 
There may be, similarly, a somewhat late origin for the larger 
spherulites of nodular character. In them the radial fibres are 
linear and close, with a kind of pectinated arrangement, and traverse 
usually a mass of large secondary granules. These sometimes are 
elongated radially, as if they may have been constrained in their 
formation by an earlier fibrous structure, which, however, is not 
obliterated. 

The micrographic structures seem not without relation to a 
silicification of the rocks, as has been suggested in connexion with 
some of the altered felspars. Other illustrations of such change 
occur in a rock from Careg-y-defaid, on an exposed surface of which 
are small superficial bosses ; these Professor Bonney suggests to me 
are possibly a form of beekite. The microscope slide exhibits 
granular quartz, replacing porphyritic crystals, deposited along the 
even lines of flow, and within transverse veins, which interrupt 
without displacing the lamination, as if the rock had undergone 
a quiet continuous permeation by silica. One vein, about 04 mm. 
broad, crosses a small felspar (fig. 4). With polarized light the 


Fig. 4.—Felspar Crystal traversed by a vein through which the plagio- 
clase bands are continued. NSilicified Felsite west of Careg-y- 
defard. (Enlarged 110 diameters.) 


plagioclase structure is traceable in the crystal and across the vein, 
which, however, is still distinguishable, except at the positions of 
* Pres, Addr. Geol. Soc. 1885, p. 66. 


+ Quart. Journ. Geol. Soc. vol. xxx. pl. xxxiv. fig. 28. 
{ See Prof. Bonney, Geol. Mag, dec. ii. vol. iv. 1877, p. 509. 
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maximum extinction. The twinning seems continuous, with only 
a very slight displacement along the middle of the vein, as if infil- 
tration along this line had caused a pseudomorphism of the neigh- 
bouring crystalline structure, although it is not easy to understand 
the exact continuity of the plagioclase bands over the vein. Spheru- 
lites, in this and in other slides, Seem as if great part of them had 
been corroded away, leaving scattered quadrants or sectors, with a 
suggestion of the concentric bands still traceable in the matrix 
beyond. Elsewhere, silicification has given rise to granular quartz, 
formed along an outer ring of a small spherulite transgressing its 
concentric zones. As to certain other structures, we may doubt 
whether to attribute them to an alteration of the rock-mass or to the 
infilling of cavities ; although indubitable amygdaloids of quartz are 
presentin manyslides. In the rock, where radial tufts are developed 
along an adjacent stratum, brownish spherulites appear ragged and 
possibly silicified at their exterior, rather like an example from Lea 
Rock *, in which, however, the spherulite rays show less definite 
crystalline forms. The specimen from Pen-y-chain beach has long 
lath-shaped sections of faded crystals, penetrating the spherulites, 
and imbedded in the interspaces ; but they are masked, in polarized 
light, by a clear granular mosaic of secondary formation. These 
crystals may project with simple terminations, or may cross in a kind 
of trigonal network. It is possible that they may be quartz erystals, 
but, as Professor Bonney pointed out to me, their general form would 
be unusual for that mineral, and they are most probably due to the 
replacement of some other mineral, possibly of a zeolite; and we 
may note how a dark deposit is aggregated along and around them, 
which proves to consist of very minute fluid-cavities containing 
bubbles. These might well have originated during the process of 
the pseudomorphic formation, by the consequent loss of water from 
the zeolite. The arrangement of the crystals, both here and simi- 
larly within lenticular spaces in the neighbouring layer, is suggestive 
of cavities, in which the first-formed structures grew freely, and 
were afterwards almost obliterated by a complete infilling of quartz. 
Among the Allport Collection in the British Museum (which, by 
the kind permission of the authorities of the Department, I was 
allowed to examine) is a slide from an altered pitchstone of Lawrence 
Hill, containing somewhat similar structures, which seem less dubious 
representatives of vesicles tT. The specimen from the Lleyn is, 
however, so much modified, that we cannot be certain under what 
circumstances the secondary structure was produced ; and the inter- 
spaces occasionally enclose what seem to be altered felspars, pierced 
by the lath-shaped crystals. Thus these formations must perhaps 
be left as doubtful pseud-amygdals; but they would still be an 


* I was fortunately able to visit these rocks, and to receive some help in 
comparing their structures from Professor Bonney, during the Shropshire 
excursion of the class from University College. 

+ Iam very much indebted to Mr. T. Davies, F.G.S., of the Mineralogical 
Department of the British Museum, for his Kindness in allowing me to examine 
many slides and rock specimens in the petrologiecal collection, which materially 
helped in illustrating these and other doubtful structures. 
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evidence of the process of silicification, which is illustrated in all the 
quartz-filled vesicles, and in changes superinduced in the matrix of 


the rocks. 
III. Noputar Structures. 


In the Survey Memoir the occurrence of these structures is 
noted *, but no details are given of their various forms. 

1. Perlitic Spheroids and Concentric Structures in Nodules.— 
Certain of the nodules appear to be the result of simple contraction f, 
since they are lithologically similar to the rock which includes them ; 
in fact, the boundary may be developed only on a weathered surface. 
In a slide from one example there is no difference in the closely sphe- 
rulitic ground-mass of nodule and of rock, except a slightly darker 
staining in the neighbourhood of the boundary-crack. 

Some of the masses found towards the east of Careg-y-defaid seem 
to be due to flow-brecciation ; they are subangular, varying from 
about one inch to three feet across, and appear firmer and more 
silicified than the somewhat schistose matrix. Many of them are 
slightly elongated in the direction of the lamination, and are marked 
by a parallel fissuring, along which the ground-mass often penetrates 
into the nodules. 

One of these brecciated masses, roughly rhomboidal in shape and 
rather larger (about six feet by three and a half feet), is full of 
half-inch spheroids, which exhibit sintery-looking concentric shells, 
recalling the description given by Zirkel of spherulites thus weather- 
ing t. Microscope sections show a kind of granular micrographic 
growth, with a partial attempt at a radial arrangement, the concentric 
hollows apparently developing within the less fibrous zones. If an 
external part of the lava had been broken up in the flow it would 
probably be vesicular; and it is conceivable that, under the altered 
conditions, vapours which were contained might expand to form 
the irregular concentric hollows, somewhat in the way described by 
von Richthofen§. We might suppose, however, from the partial 
and discontinuous spherulitic structure which borders the internal 
cavity and the exterior boundary, that the radial growth was pos- 
sibly connected in its origin with contraction towards a centre, and 
that planes of weak cohesion might have thus arisen, as Professor 
Bonney suggested in explanation of the spherulitic felsite of Arran ||. 
The quickly-cooled and probably partially-cooled mass, broken 
up and carried along by the renewed flow of the lava, would be 
doubtless subject to more than one series of contractions, and the 


* Geology of North Wales, p. 220. 

t As in examples Glescrined by Professor Bonney, Cee Journ. Geol. Soe. 
1882, vol. xxxvill. p. 295; ef. M. A. de Lapparent, Bull. de Soc. Géol. de Fr. 
1884, 3¢ sér. t. xil. p. 287, on Jersey nodules. 

t U.S. Explor. of the 40th Parallel, Micr. Petr. p. 212. 

§ Jahrb. der. k.-k. geol. Reichs. 1860, p . ile 

|| “‘Pitchstones and Felsites of Arran,” Teall Mag. 1877, dec. 2, vol. iv. p. 510. 
In specimens of the spherulitic felsite which Professor Bonney kindly showed 
to me the exfoliating layers with their “white dust” had an appearance not 
unlike in miniature that of the concentric shells described above. 


Q.J.G.S. No. 178. U 
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conditions might thus be somewhat analogous to the secondary 
heating-up of the Arran felsite. 

Near the point at Careg-y-defaidjcertain brownish nodules, from 
x inch to 3 inch or less in diameter, occur in a compact greyish rock. 
The microscope shows the matrix to be devitrified and perlitic, and 
the nodules prove to be spherulitic; thus we have here another 
example, to add to those enumerated by Mr. Cole, of ‘ pyromerides ’ 
due to alteration of originally glassy rocks*. Around or towards 
the exterior is generally an irregular and often incomplete ring of 
quartz, and spherulitic tufts are best defined where rooted in the 
outer granules, or, in one example, where starting from a porphyritic 
erystal. Whether the quartz marks what was originally an irregular 
vesicle, or a space primarily due to contraction, the deposit seems to 
have further extended by a kind of replacement ; for lines of minute 
enclosures run into it without interruption and continue from grain 
to grain. 

Specimens of Jersey nodules, for which I am indebted to the 
kindness of Professor Bonney ¢, exhibit the thin and numerous chal- 
cedonic threads which are mentioned by de Lapparent as occurring 
between successive layers §. They are often crenated, and roughly 
concentric with an outer somewhat mamillated surface. It is diffi- 
cult to decide upon the cause or causes of this tendency to concentric 
rings. If in an early stage gas was evolved in these spherulites, after 
they had begun to form, it would be likely to take possession of any 
spaces already existing, possibly filling and enlarging cracks formed 
in some contraction of the spherulite before it had “ set.” In the 
cavities thus originated, quartz might crystallize out, mostly supplied 
from the adjacent zones ; these are now dark and decomposed, and 
are generally more irregular at their outer boundary. The definition 
of the quartzose ares is prominently exhibited, on the cut surface 
of several specimens, by a capillary efflorescence, which developed in 
the course of a few days from the intermediate fibrous zones. The ~ 
minute hair-like crystals consist, apparently, of magnesium sulphate 
(epsomite), probably due to a deposit from sea-water within the more 
weathered part of the spherulite. One specimen, which has exhibited 
none of this efflorescence, proves to be clearer and less decomposed, 
more markedly spherulitic, and nearly free from the concentric chal- 
cedonic rings. 

Some connexion of spherulites with a kind of perlitic contraction, 
possibly of later date, seems indicated in certain slides, especially in 
a Lea-rock and a Boulay-Bay example, where a sharply-defined 
narrow quartzose vein bounds part of the spherulite, which is 


* Geol. Mag. July 1887, p. 303. 

t See “ Rhyolites of Bouley Bay,” by Mr. T. Davies, ‘Min. Mag.’ 1879, vol. iii. 
p. 118. 

t Ihave also had the advantage of studying some additional illustrations 
from Jersey, kindly lent by Mr. Percy F. Kendall, of Owens College, Man- 
chester. 

§ Bull. Soe. Géol. de Fr. 1884, 3¢ sér. t. xii. p. 284. Compare the “ concentric 
zones caused by successive growths” within Gargalong pyromerides described 
by M. Lévy, Bull. Soc. Géol. de Fr. 1875, 3¢ sér. t. iil. p. 228. 
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traversed in various directions, often radially, by other siliceous 
veins. 

2. Origin of the Agate-nodules.—The crust of the true agate- 
nodules is spherulitic, sometimes with concentric zones, which may 
be marked by an infilling of secondary chalcedony. Occasionally 
traces of the rock-lamination and porphyritic crystals are contained 
in it, proving here, as by similar evidence and by chemical analysis has 
been shown elsewhere, that the crust is an altered portion of the 
rock-mass. This outer part is generally lined with small granular 
quartz, or with mamillated fibrous chalcedony, which sometimes 
forms beautiful spherulites, and may fill up the interior of the 
nodule; in other examples the heart of the cavity is occupied by 
an aggregation of large quartz grains, or it may be hollow, with 
erystals projecting inwards. Cavities, empty or filled in, which, I 
presume, might be similar to the interior of these nodules, have 
been described, as resulting from decomposition of the central part 
of a spherulite, or as originating from vesicles caused by disengage- 
ment of gases *. 

Among the difficulties of deriving the nodules from original 
spherulites by a process of hollowing-out are the occasional appear- 
ance of neighbouring felspars not much silicified, and the occurrence, 
in connexion with the central cavity, of sharply defined chalcedonic 
veins, which traverse the spherulitic crust. These veins sometimes 
appear to be subsequent formations, but the history in certain of the 
examples is clearly shown. Chalcedonic deposit lined the central 
cavity and filled up concentric rings in the crust. After a pause, 
deposition recommenced, and the heart of the cavity, which had 
remained vacant, became completely filled up. The veins therefore, 
in this case at least, cannot be connected with any action of decom- 
position, since they can be traced, through a thick envelope of chal- 
cedonic deposit, to the small cavity which they have evidently sup- 
plied. By inference, we should therefore incline to consider similar 
veins elsewhere as feeders to other cavities within nodules. The 
fissures are usually part of a general system of brecciation, which 
has affected the spherulite, in many examples, either radially or along 
concentric surfaces. Owing to the existence of radial cracks, a 
sector may be displaced, so as to project: beyond the surface of the rest 
of the sphere ; and such sectors may appear as if they had contracted 
away from one another at the heart of the spherulite. The stellate 
outline of the central cavity within some agate-nodules may very 
probably be correlated (as Professor Bonney pointed out to me) 
with this tendency to radial cracking and tearing at the centre. 

Further, while, as Mr. Cole suggests, the centre of the spherulite 
might be a less resistant part +, yet the exterior would seem to be 
as much—or far more—exposed. The ends of the fibres, in some 
instances, like the terminations of cleavage-planes in some crystals, 

* See ‘Nature and Origin of Lithophyse,” J. P. Iddings, Amer. Journ of 
Sci. vol. xxxiii. Jan. 1887; and Mr. Cole, Quart. Journ. Geol. Soe 1885, vol. xli. 
p- 162; and references given in these papers. 

+ ‘‘On Hollow Spherulites,” G. A.J. Cole, Quart. Journ. Ge: Soc. 1885, 
vol. xli. p. 166. 

uz 
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would be liable, I should have thought, to yield to corrosion (as in 
small examples which I have mentioned), if such extensive decom- 
position had acted at the heart of the nodules. 

Tt seems also as if, in any differential action upon the spherulite 
and its environment, the matrix is far more readily altered, and thus 
it so often acquires a schistose character, as if squeezed between the 
more compact nodules. Professor Bonney tells me that at Boulay 
Bay the pyromerides are often only faintly traceable on a fresh 
surface of the rock, but are well developed after weathering. A 
microscope slide from one specimen shows a very clear granular 
aggregation deposited in the perlitic ground-mass, while alteration 
of the spherulite seems much less marked. In one of the Lea-rock 
slides greenish oblong microliths, with a rectilinear arrangement, 
seem to mark an original structure, sealed up in the firm spherulite, 
while a contorted fluidal development has been set up in the less 
resisting matrix, which thus seems to flow around the imbedded 
spheres. The minute black microliths, like knobbed sticks, which 
are found within certain spherulites, and not within the surrounding 
matrix (as, for example, in some Boulay-Bay specimens), may per- 
haps be similarly explained, since their orientation is generally 
uninfluenced by the radial growth. Again, as I have described, 
spherulites have become subsequently fissured, as if they were less 
plastic than the matrix. Sometimes a continuation of the rock-mass 
seems to extend around a displaced fragment, as if, after the 
spherulite had begun to form, the glassy matrix was still in a some- 
what viscous condition, and able to penetrate into cracks of the 
nodules *. 

Spherulites can be found occasionally not complete, and some of 
these might perhaps be compared with the arrangement of material 
found in napoleonite, or in the spheroids described by Dr. Hatch 7. 
It may be, however, that in some cases the development, in accord- 
ance with the principle suggested by Professor Bonney ¢, started 
from the exterior, but ceased before it had advanced far towards the 
centre, so that a spherulitic rind would be formed. A breach of 
continuity from the internal “ residuum ” might result, and the dis- 
tinction of the two parts might be further accentuated by granular 
devitrification of the substance within. Weiss speaks of a greenish 
mass (similar, except in colour, to the matrix) contained within a 
fibrous crust $; and in a specimen from Pen-y-chain a darkened 
part, bounded by spherulitic ares, is evidently a portion of the 
ground-mass. In the rock the perlitic cracks are mainly chalce- 
donized; but within the enclosed fragment they contain a greenish 
deposit, which gives it the darkened colour, and thus heightens the 
contrast with the surrounding border. Thus, in these incomplete 
nodules, a spherulitic crust encloses a central mass, which certainly 
could not here be a decomposition-product. 


* Compare Amer. Journ. of Sci. vol. xxxiii. p. 42, Mr. Iddings, 1887. 

+ Quart. Journ. Geol. Soc. vol. xliv. p. 557, Aug. 1888. 

+ Geol. Mag. dec. 2, vol. iv. 1877, p. 510. 

§ “Thur. Wald. Porph.,” Zeitschr. d. d. geol. Gesell. 1877, Bd. xxix. p. 422. 
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Some intermingling in structure of the outer crust and of the 
quartz-deposit within seems traceable in a few nodules ; but if the 
present condition of the spherulites had resulted from gradual change 
and concentration of silica*, or other slow alteration, we should 
expect such gradations to be much more marked and general. In 
the large number of examples the agate contained would usually be 
considered to have been formed by the filling of a cavity already exist- 
ing as a cavity, and the transitional zone, traceable only when highly 
magnified, does not seem more than might arise in the process of 
infilling and siliceous alteration. Such modification would be facili- 
tated if there was originally a vesicular nucleus, to act, as Prof. 
Judd has said, as a “laboratory of synthetic mineralogy” f. In 
some cases the cavity may have had a frothy pumiceous substance 
around or within it, the disorganization of which may have caused 
the chalcedonic deposit to be, at places, less clean and clear. 

3. HKxamples of Agate-nodules.—Some masses of flow-brecciation 
at Careg-y-defaid, near those already mentioned, contain small 
rounded nodules, filled with chalcedony and bounded by a thin 
erust. Near by are larger nodules in a somewhat trapezoidal space 
on the beach, about ten feet by fifteen feet, which has the appearance 
of a conglomerate, or of a surface paved with close-set whitish-looking 
pebbles. The ground-mass, as in the surrounding rock, is schistose, 
with a “ glistening pale green mineral,” like the structure described 
by Professor Bonney from near Conway Falls ¢, and a firm band 
crossing the tract has slickensided surfaces ; so that the area may 
have been displaced and modified by crushing. The nodules, too 
(the ‘‘ agate-like nodules,” I suppose, of the Survey memoir $), may 
owe their generally ellipsoidal shape and parallel arrangement to 
the action of pressure. A longitudinal section shows, in one case, 
a squeezed-looking X-shaped interior, and in others, as in the am- 
monite-like lithophyse of von Richthofen ||, three or more irregular 
chambers superimposed (fig. 5), as if vesicles of adjacent layers had 
been included in one nodule. The cavities are filled with chalcedony ; 
the crust. contains porphyritic crystals, and its spherulitic fibres 
traverse, in the microscope slide, curious quartzose spheres, which 
are probably incipient segregatory structures. 

Turning to Pen-y-chain, we find agate-nodules at four or five 
localities 4]. They are thickly developed on the east coast, along 
both sides of a small cleft, which seems to mark a fault. The 
overlying beds are finely laminated ; the ground-mass has a perlitic 
structure beautifully chalcedonized, and is crowded with clear sphe- 
rulites exhibiting the black cross. Large nodules, sometimes 


* J. Szabd, Jahrb. k.-k. geol. Reichs. 1866, p. 89. 

+ “Tertiary Gabbros,” Quart. Journ. Geol. Soc. 1886, vol. xlii. p. 83. 

t Quart. Journ. Geol. Soc. 1882, vol. xxxviii. p. 290. 

§ Geology of North Wales, p. 220. 

|| Jahrb. k.-k. geol. Reichs. 1860, p. 181. 

*; Among the specimens which Mr. T. Davies kindly allowed me to examine 
was a slide much resembling the Pen-y-chain nodules. This specimen was 
from the Cleeve-Church boulder, which had been noted by Mr Davies, and 
has been suggested as probably Welsh in its origin. Min. Mag. 1879, p. 119. 
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5 inches or more in diameter, are scattered through the rock. 
The chalcedony, which fills the interior, often shows a platy struc- 
ture parallel to the rock-lamination. The nodules are rounded, but 
are furnished with curious protuberant ridges, generally a complete 
equatorial and a partial meridional one, and occasionally others, 
which unite with some of the larger. The ridges are sometimes rather 


Fig. 5.— Longitudinal Section of Nodule from east of Careg-y-defad. 
(Nat. size.) 


It contains three chambers filled with chalcedony (a). The crust is spherulitic, 
with porphyritic felspars, of which two are apparently clear and silicified, 
the others nearly opaque, 


wavy. Ithought I could trace them in one or two cases to the 
continuation of bedding- or joint-planes, and the internal cavity 
often extends to them. The most regular of the nodules reminded 
me, in external form, of that which von Richthofen figures as the 
usual type of lithophyse*, only without the internai lamelle. 
The radialized crust, here as elsewhere, is influenced by the in- 
ternal cavity, and follows the stellar points of the interior, so as 
to form the outer skin of the ridges (fig. 6). The interior has 
the appearance of a possible vesicle, irregular in shape, often with 
convex sides and projecting angles. Where a cavity can be distin- 
guisned within the pyromerides of Jersey, it may be similar in form, 
and is often filled with chalcedony. At one part of the Pen-y-chain 
nodule, between the siliceous interior and the spherulitic crust, a 
small mass intervenes, consisting of minute scale-like globulites, 
scattered through shadowy chalcedonic granules. If this is due to 
the alteration of part of the rock-mass, as seems probable, it would . 
negative here the theory of an originally complete spherulite. The 
radial fibres seem posterior to certain largish spherulites within the 
crust, which also contains others, much smaller and rudimentary, 


* Jahrb. der k. k. geol. Reichs. 1860, p. 181. 
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marking the continuation of the rock-lamine. As has been noticed 
in other cases, the lamination appears interrupted by the interior of 
the nodules* ; a breaking of the lamine across vesicles is, however, 
by no means an unfamiliar circumstance in vesicular pumice. 


Fig. 6.—Section of Nodule with protuberant ridges ; from near rift 
along East coast of Pen-y-chain. (Nat. size.) 


The crust of the nodule shows concentric handing, and, when magnified, radial 
structure, as well as faint traces of the continuation of rock-laminz (not 
shown in diagram). It contains porphyritic felspars much decomposed 
and chalcedonized. 


a. (?) Portion of altered matrix, not spherulitic. 


The chalcedonic deposit within consists of :— 


b. Layer of fibrous chalcedony. 
e. Chalcedony in mamillated or spherulitic masses, meeting along 
polygonal boundaries. 


In a baylet a short distance northward of this small rift agate 
nodules are found, developed along certain beds (fig. 7). In the 
northern cliff the specimens are small, from half an inch to one inch 
across, and are crowded through a finely laminated matrix. The beds 
are crumpled into an §-shape, and become approximately vertical, 
marking probably the position of a fault. Westward, at the head 
of the recess, the nodules are larger, two or three inches across. 
They are sparsely developed in certain firmer layers, in one of which 
I found an aggregated spherulitic hemisphere (of about one inch 
radius) apparently without a central cavity; but the transitions 
between solid spherulites and those with unfilled hollow centres 
quoted from other localities + seem to be not common in the Lleyn. 


* Mr. Cole, Quart. Journ. Geol. Soc. vol. xlii. p. 188. Mr. Iddings, Amer. 
Journ. of Sci. vol. xxxiii. p. 36. 

Tt The “normal” and ‘‘abnormal” globules of Delesse. Mém. Soc. Géol. de 
Fr. 2° sér. t. iv. p. 8300; and Bull. Soc. Géol. de Fr. 2° sér. t. ix. p. 432; (Thur. 
Wald.) Zeitschr. d. d. geol. Gesell. 1877, Bd. xxix. p. 420; (Jersey) Bull. Soc. Géol. 
de Fr. 3° sér. t. xii. p. 287; (Hungary) Jahrb. k.-k. geol. Reichs. 1866, p. 90. 
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One of the stronger layers proves, on microscopic examination, to be 
honeycombed with irregular vesicles, like a piece of trachyte. The 
firmness of the band is due to the hollows being filled up with 
quartz and the rock-mass silicified. This layer may represent the 
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outer more vesicular part of the original lava-flow; the deeper 
mass, cooling and contracting, gave rise to perlitic structures, and 
the vapours contained may have been emitted and collected in 
larger vesicles, which occur at the heart of agate-nodules. 
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Near the south-east corner of the Pen-y-chain promontory agate- 
nodules occur in beds which are much contorted, and are appa- 
rently slaggy lava-flows. Some of the nodules are large, while 
others, more crowded together, vary only from about } inch to 3 inch 
across. Close by, a rock-mass occurs, thickly set with small, almond- 
shaped, white quartz-nodules, usually 7 inch or smaller, sometimes 
a hollow shell lined with pyramidal quartz—white or clear golden. 
These nodules appear, under the microscope, sharply limited (fig. 8), 


Fig. 8.—Diagram of Amygdaloids from old lava-flow at south-east 
of Pen-y-Cham. (Enlarged 16 diameters.) 
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The amygdaloids are filled mainly with crystalline quartz. The outer grains 
are small; those of the interior are larger and clearer. In one example 
the cavity is partially empty (a). The devitrified ground-mass contains 
remains of porphyritic felspars (0). 


although some of the quartz-grains transgress the boundary. 
Radial strize of small enclosures may occur towards the exterior, and 
one example has minute microliths ranged approximately along 
straight lines in two directions, which cross at a high angle. The 
opinion might perhaps be advanced that the rounded nodules are a 
variety of pseud-amyegdals, since adjacent structures have a radialized 
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crust ; but this is thin compared with the quartz-filled interior, and 
may represent the early development rather than the vanishing 
traces of large spherulites (fig. 9). Crystals of felspar occur close 


Fig. 9.—One half of a Siliceous Amygdaloid, with a narrow spheru- 
litic border. From old lava-flow at south-east of Pen-y-chain. 
(Enlarged 8 diameters.) 
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to the nodules, being actually sometimes in contact with them ; some 
are kaolinized, others exhibit plagioclase twinning, but in none is 
there a replacement by quartz-granules. The nodules are elongated, 
and in more than one instance they bend around the angle of a 
porphyritic crystal, at a little distance from it, just as would often 
occur in the formation of a vesicle. Thus they seem to be amyg- 
daloidal, and in that case we should be justified in concluding that 
similar cavities once existed in the neighbouring beds, around which 
a spherulitic growth arose; according to Lagorio it would be especially 
induced where gases and vapours passed through the rock*. 

The above interpretation seems corroborated by some small 
pyromerides from Jersey, in which the interior has all the appearance 
of similar oval-shaped amygdaloids. A slide cut from another rock 
at Boulay Bay exhibits a contorted fluidal structure, with appar- 
ently rounded quartz-filled vesicles, as if the rock was originally 
glassy and pumiceous. Small veinlets of fibrous chalcedony extend 
between the lines of flow or curve around the vesicles. An attempt 
at spherulitic growth seems to fringe the vesicles, the chalcedonic 
veins, and the surfaces of contorted fluidal masses. It had been 
suggested by Professor Bonney, from his observations in the field, 
that some pyromerides might possibly be connected in their develop- 
ment with a differentiation of material in the lava, such as gives 
rise to a fluidal structure. 

We might compare with nodules produced as I have just sug- 


* Min. Mittheil. Bd. viii. p. 421. Abstract in Min. Mag. 1887, vol. vii. 
p. 223. 
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gested those which have been defined by spheroidal cracks forming 
around gas-vesicles, as explained by Professor Bonney in felsites of 
North Wales *. I have, from near Pwllheli, one beach-specimen, 
apparently formed by a similar process. It is a devitrified rhyolite, 
with fluidal structure, somewhat chalecedonized, and has patches of 
perlitic formations with viridite deposit. The nodules in this specimen 
are half an inch or smaller, oval in shape, and contain quartz-filled 
vesicles (fig. 10). The quartz is traversed by lines of enclosures 


Fig. 10.—WNodules, not spherulitic, in a ground-mass, which shows at 
places Perlitic Cracks with Viridite deposit. From the beach 
towards Pen-y-Chain. (Enlarged 3 diameters.) 


The crust of the nodule has a fluidal structure, and is more opaque along an 
exterior zone. The interior is filled up with granular chalcedony; but in 
one example the nodule encloses porphyritic felspars, 


with moving bubbles, and the lines pass from grain to grain, as in 
the example figured by Mr. Colet. The lines are parallel to the 
longer diameter of the nodules, as would result if the enclosures 
had originated from the action of pressure, in the way described by 
Prof. Juddt. The edge of the nodule for a little way inwards is 
more opaque, but otherwise the crust is similar to the surrounding 
mass, and exhibits a fluidal lamination, like that described by Prof. 
Bonney in nodules from near Conway §. One of the spheroidal 
cracks seems to have formed partially around a group of broken 
porphyritic felspar, something like the crack around olivine described 
by Mr. Rutley ||. A somewhat different explanation for these 
nodules was suggested to me as a possibility by Prof. Bonney—that 
fragments of the lava crust, enclosing vesicles, might have been 


* Quart. Journ. Geol. Soc. 1882, vol. xxxvili. p. 295. 
t Ibid. 1886, vol. xlii. p. 188. 

t Ibid. 1885, vol. xli. p. 376. 

§ bid. 1882, vol. xxxviii. p. 294. 

|| Proc. Roy. Soc. 1886, p. 437. 
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broken and moved along in a viscous state by a renewed flow of the 
rock, and thus caused to assume an oval form, with more or less 
lamination of the crust. 

At Pen-y-chain I found zn situ one illustration of spheroidal forma- 
tion induced around a foreign centre, where the nucleus was a rounded 
agate-nodule, three inches across, with a thick crust and an interior 
filled with white quartz. Around this, cutting across the lamination 
of the perlitic and spherulitic rock, was a crack defining a sphere some 
13 inches in diameter. The part within the crack was slightly 
darkened, but otherwise similar to the mass of the rock. Prof. 
Bonney describes, in a microscopic slide, a cracking similarly 
caused by a strain around spherulites in a devitrified glass *. 

I might mention also, in connexion with these specimens, an 
example which I found some years ago in a road-heap near Dolgelly. 
The rock is a kind of diabase, and has a dark ground-mass, in which 
are imbedded grey, flinty-looking, oval-shaped nodules without 
radial structure. The matrix is a slaggy-looking mass with deposit 
of viridite, and contains small felspars of plagioclase form. The 
nodules are similar, except that viridite is absent from their deyvit- 
rified ground-mass, although it occasionally spreads along cracks, or 
aggregates around what are apparently central cavities filled with 
quartz. Porphyritic felspars, both orthoclase and plagioclase, occur, 
generally normal in appearance ; but one crystal seems to be replaced 
by quartz-grains. There is small epidote, occurring in connexion with 
dark opaque crystals. 


SuMMARY. 


I. At both the headlands of Pen-y-chain and Careg-y-defaid the 
character of the rocks clearly negatives the theory of intrusion. 
They are old laya-flows, once glassy, now devitrified, and, at Pen-y- 
chain, with interbedded agglomeratic and ashy strata. The pro- 
portion of silica has probably undergone subsequent alteration, but the 
frequency of porphyritic plagioclase suggests that the rocks approach 
nearer to dacites than to rhyolitest. As to the stratigraphical 
position of the Pen-y-chain rocks, apart from any vague suggestion 
of lithological resemblance, the general dip and the indications of a 
succession near Llym gwyn seem to afford a tolerable certainty of 
the Bala age of these volcanic accumulations. The dip is towards 
the north or east of north, and the rocks therefore belong to the 
southern part of the synclinal in which the Bala beds of the Lleyn 
are arranged. As suggested in the Survey memoir #, this synclinal 
may be traced eastwards, and the ashy beds near Pwllheli may be 
taken to represent similar strata of Snowdon and Moel Hebog. In 
like manner we may probably correlate the Pen-y-chain rocks with 
felsites exposed in those mountains. The mass of felstone also near 
Pwllheli, examined either in the field or by the microscope, shows 


* Pres. Addr. Geol. Soc. 1885, p. 64. 
t Cf. Rosenbusch, ‘ Mikr. Phys. der massigen Gesteine,’ ii. Abth. p. 418. 
t Geol. of North Wales, p. 218. 
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lithologically a marked resemblance, and contains similar nodular 
structures. , 

Il. By their texture the rocks must be classed as petrosiliceous, 
and they illustrate in a marked manner many structures which are 
probably due to secondary devitrification*. They break with sub- 
conchoidal fracture ; slides from them exhibit various micrographic 
and dendritic growths, and the ground-mass may be formed of 
spherulites “interlocking with irregular outlines.” Other sphe- 
rulitic formation occurs on a large scale in the pyromerides and in the 
radial crust of agate-nodules. J elspar crystals may be modified by 
micrographic structure, and are sometimes silicified, and chalcedony 
or quartz is found filling veins, the interior of nodules, and the hollows 
of vesicular lavas. Thus the rocks exhibit much evidence of a sili- 
cification (and often of a radialization possibly connected with it f), 
and we may imagine that the lessening activity of the volcanoes 
manifested itself in the percolation of heated waters carrying silica 
in solution. Geysers may have been in eruption near this locality ; 
and some of the Ordovician conditions of the Lleyn may have been 
similar to the Miocene activity of Schemnitz or to modern pheno- 
mena in Iceland. Possibly some of the marked perlitic and similar 
structures were originated, or intensified, during the secondary alter- 
nations of temperature in this Solfatara-stage of the district. 

III. The nodular structures seem capable of being classed in the 
following groups :— 


1. Contraction-spheroids or magnified perlitic structures. 

2. Masses resulting from flow-brecciation. 

3. Solid spherulites or pyromerides. 

4, Agate-nodules, with an outer spherulitic crust. 

5. Quartzose amygdaloids. 

6. Spheroidal formations developed around a nucleus, such as 
an agate-nodule, a group of crystals, or an original vesicle of 
the lava. 


The large spherulites, where their relations are evident, seem 
developed either along certain strata or within masses of flow- 
brecciation. Generally, neighbouring examples show some approxi- 
mation to a uniformity in their size. They stand out by weathering 
of the mass, as is very noticeable in the Jersey rock, where Prof. 
Bonney stated that, so far as he could see, they were well defined 
only on an exposed surface, and were scarcely traceable on a fresh 
fracture. They appear also to be generally uninfluenced by the 
pressure which has modified the matrix in certain Welsh localities. 
Thus the spherulite seems to be the most durable part of the rock. 
The mass of the rock very commonly exhibits an originally vesicular 
character, resembling that of a modern trachyte. The matrix 
surrounding the nodular spherulites consists, for the most part, of what 
must have been a compact, laminated, glassy lava, now devitrified, 


* Pres. Addr. Geol. Soc., Prof. Bonney, 1885, pp. 68, 69. 
+ Compare Delesse, Bull. Soc. Géo]. de Fr. 1852, 2° sér. ts ix. p. 175. 
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generally perlitic and often spherulitic. The interior of the nodule 
is in many cases filled with chalcedony, and is not distinguishable in 
form from an original vesicle of the lava; it is sometimes rounded 
and amygdaloidal, often it is irregular and may be somewhat 
stellate. 

As illustrating their mode of formation, the agate-nodules of the 
Lleyn are wanting in the freshness of those recently described by 
Mr. Iddings from Obsidian Cliff, although in these old and more 
obscure forms, notwithstanding their siliceous alteration, a connexion 
with vesicles seems to be indicated *. The evidence from them 
appears to support these considerations :— 

(1) That spherulitic growth originated, on the principle described 
by Prof. Bonney, from a surface of discontinuity. Thisis illustrated 
by the radial tufts which have formed in one rock along the line 
of an adjacent stratum, and in others along perlitic cracks. Gas- 
filled vesicles might be specially liable to cause such change in the 
rock ; and radial growth may have thus begun around cavities, such 
as those forming the amygdaloids of the south-east of the Pen-y- 
chain promontory. 

(2) That possibly contraction may have acted (sometimes around 
vesicles) to produce weakened concentric surfaces, or to have induced 
incipient spherulitic growth 7. 

(8) The spherulitic formation sometimes paused and recommenced, 
giving rise to a concentric banding. Protuberant ridges may thus 
have been formed, where a communication was kept open into the 
cavity of the nodule. The renewed growth might be connected with 
recurrence of conditions of moderate heating, since spherulitic 
development has been induced artificially in glass, under temperatures 
sufficient to soften without fusing its substance =. 

(4) Such changes, by heating or an alteration of pressure, might 
cause irregularity of vesicles already existing, or brecciation of the 
spherulitic nodules, possibly even giving rise to fresh evolution of 
gas, if the volcanic glass were of the hydrated character, which has 
been proved of many examples. 

(5) Cavities in a rock permeated by siliceous infiltrations would 
be likely to give rise to some modification of the surrounding crust ; 
and where this was already spherulitic, the next stage of alteration 


* Am. Journ. of Sci. vol. xxxiii. p. 36. It is possible that some earlier stage, 
now masked, might bear out, for some of the example, the dehydration theory 
proposed by Mr. Iddings, as in the isolated ridged nodules which I have 
described in an old obsidian cliff at Pen-y-chain. 

+ Geol. Mag. 1877, dec. 2, vol. iv. p.510. It seemed worth considering whether 
in the formation of concentrie surfaces there might have been a shrinking 
due to the passage from hydrated to anhydrous glass, in the course of erystal- 
lization, as indicated by Mr. Iddings; but in that case the concentrie rings 
should accompany the more marked spherulitic or crystalline structure, which 
does not seem always in accordance with the facts. Unless we could suppose 
that the primary contraction was centripetal, causing incipient crystallization 
along an outer limit, and that the subsequent growth resulted in a drawing 
together of the crystalline elements towards the outer fibrous rim which had 
already * set.” 

t Ps. Addr. "Geol. Soc., Prof. Bonney, 1885, pp. 65, 67. 
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might be to form the shadowy devitrification-granules, which some- 
times coexist with the radial arrangement of fibres. 


I have ventured to think that the formations here indicated may 
be of interest, as affording some additional illustrations of structures 
described in the various papers quoted. Throughout my attempt I 
have received from Prof. Bonney much continuous help, the value 
of which I need not specify. It has included advice and assistance 
in many difficulties, as well as the opportunity afforded me of 
examining rocks and rock-sections from various localities. Hxam- 
ples from Jersey were of special interest, and the gift of some of 
these specimens, which was made the more valuable by notes on 
the general character of the rocks, enabled me to compare their 
microscopic structure and to find in it some confirmatory evidence. 


Discussion. 


Mr. Cotz remarked that some features connected with the sphe- 
rulites appeared to bear out his views. A complete illustration of 
the phenomena of the Lleyn felsites is furnished by the Permian 
pitchstone of Zwickau. 

In one of Miss Raisin’s specimens a small film with beautiful 
spherulitic structure projected into the central quartz-mass, appa- 
rently pointing to the destruction of the central portion. In 
Mr. Iddings’s specimens the cavity, when existent, is comparatively 
small, and the typical hollow spherulites of Wales cannot be 
explained even by comparison with lithophyse. 

Dr. Hicks believed that the hollows in the nodules had been sub- 
sequently filled in with secondary silica, but that the cavities, in the 
majority of cases, originally existed in the rock. 

Prof. Bonney commented on the too close comparison between 
small things and great. He still remained sceptical as to Mr. Cole’s 
explanation. The vesicles became more irregular in outline in the 
more acid rocks, and the proposed interpretation of sections might 
thus be erroneous. The Boulay Bay specimens seemed to show 
that the spherulites were the least decomposed part of the rock, 
and there was evidence that, in a non-spherulitic part of the mass, the 
cavities had existed from the first. He had not gathered from 
Mr. Iddings’s description that either the spherulites or the cavities 
in the Yellowstone rocks were so small. These rocks were beauti- 
fully fresh, so that Mr. Cole’s explanation could not be applied to 
them. 
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16. On the OcctRRENCE of PatzonitHic Frinr Iyprements in the 
NeiensovurHoop of Ieuraam, Kent, their Distrrsurion and 
PropaBLe AcE. By Josrepu Prestwicu, D.C.L., F.RB.S., F.GS., 
&c. (Read February 6, 1889.) 


[Piates IX.—XT.] 


Ir has hitherto, with a few disputed exceptions, been generally 
held that, in this country, palolithic stone implements are con- 
fined to “ river-drifts” and caves of the so-called Postglacial age, 
in which they occur buried at greater or less depths: and little 
search was made outside the dritt-deposits, or the valleys to which 
such deposits are confined. It is true that a few specimens had 
been found at various heights on the hills, but they failed to attract 
much attention or to suggest. any different explanation. In 1861 Dr. 
John Evans* found a large pointed implement on the surface of a 
ploughed field in the parish of Abbots Langley, and at a height of 
160 feet above the Colne. Another smaller specimen was found in 
1861 by Mr. W. Whitaker on the surface of the Chalk, one mile 
east of Horton Kirby, and about 200 feet above the Darent+. In 
1869, in searching over a field near the edge of the Chalk-escarp- 
ment at Currie Farm, Halstead, Kent, in company with General 
Pitt-Rivers, Sir J. Lubbock, and myself, Dr. Evans picked up a 
rude ovoid specimen; but we did not succeed in finding any 
more. This spot is nearly 600 (not 500) feet above O.D. From 
time to time a few similar instances haye been recorded; but they 
were either passed by as chance specimens, possibly dropped and lost, 
or were in some way supposed to be connected with the ordinary 
river-valley drifts +. 

' But the remarkable discoveries of palzolithic flint implements 
made during the last ten years by Mr. Benjamin Harrison, of 
Ightham, in the neighbourhood of that village, and lying on the 
surface of the ground, at all levels up to nearly 600 feet above the 
sea §, showed that the subject required further investigation. I 
was otherwise engaged when Mr. Harrison first called my attention 
to his discoveries; and though from year to year I have paid 
occasional visits with him to the different sites where he had 
found paleolithic implements, it was not until this last summer 
that I was able to complete my survey of the ground, and come to 


* See his ‘Ancient Stone Implements of Great Britain,’ chapter xxiii. 

t Mr. De Barri Crawshay, of Sevenoaks, has since found a rude ochreous 
scraper in a field by the side of the road on the top of the same hill, at 390 feet 
above O.D. 

t Ancient Stone Implements, p. 531. 

§ Since this paper was written, Mr. Harrison informs me that he found a 
palzolithic implement, very like the Currie-Wood specimen, on the summit of 
the chalk-escarpment above Wrotham, at a height of 750 ft. above O.D. I 
have not yet been able to visit the spot. 
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the conclusions which I now beg to bring before the Society. 
Although long acquainted with the ground generally, it was evident 
that this inquiry needed a more special study of the drift-beds and phy- 
siography of the district *. For this purpose I have visited with Mr. 
Harrison, who possesses an intimate knowledge of the ground, every 
locality where traces of drift and flint implements have been found‘. 

Mr. Harrison’s attention was first directed to the subject about 
the year 1863, when he found on a heap of stones gathered off a 
field to the S.E. of Rose Wood, near Ightham, and at a height of 
475 feet above O.D. and 300 above the valley, a large, massive, 
pointed, flint implement. He subsequently found a few others on 
the surface of adjacent fields, but did not begin a systematic search 
until 1879. Since then he has found within a radius of five 
miles around Ightham above 400 specimens. These were, with 
very few exceptions, all on the surface of the ground and at all 
levels, from afew feet above the present streams to nearly the 
summit of the highest hills; and he rightly collected not only the 
well-marked specimens but also the more obscure forms, amongst 
which are some that seem to belong to the earliest implements 
fashioned by primitive man in England. 

Local Topography.—The topography of the district is somewhat 
exceptional. Ightham is situated on the Folkestone Beds of the 
Lower Greensand. One branch of the small stream £ which flows 
through it southward to the Wealden area rises at the foot of the 
Chalk Downs 14 mile above the village, and the other turns round 
westward to springs on the slope of Oldbury Hill. On either side, 
and at a distance of about a mile from these head-waters of the 
‘Shode,’ the surface-waters run—in one direction westward into a 
tributary valley of the Darent (a river flowing northward into the 
Thames), and in another direction eastward into the small stream 
which flows past Malling and Leybourne into the lower Medway 
(see fig. 1, p. 272). The watersheds which part the Shode from 
these other two streams consist of low ridges of Gault and Lower 
Chalk, rising only a few feet above the level of the upper waters of 
these streams. But as the Shode flows south through the range of 
the Lower Greensand, high hills rise boldly on either side, forming 
a deep and picturesque valley as far as the junction of the Shode 
with the broad Medway valley in the Wealden area, near Hadlow 
(see Map, Pl. IX.). 

Sections of the Ightham Valley.—Section No. 1 is taken at a 


* Mr. Topley gives a general account of the drift of the district in his 
‘Geology of the Weald’ (Mem. Geol. Survey, 1875); but owing to the absence of 
open pits, and to the very small size of many of the patches, some of the 
drift-gravels are apt to escape notice unless observed by some one residing in 
the district, and who has the opportunity of working over the freshly ploughed 
fields, and taking advantage of every chance opening. 

+ His manuscript lists give the locality and height above sea-level of every 
specimen, and their general character and form. 

{ On the Ordnance Maps no name is attached to this stream. Mr. Harrison 
informs me that on Symondson’s old map of Kent it is called the ‘ Shode,’ but 
that it is known in the district at present by the name of the Busty or Buster. 
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SECTIONS OF THE SHODE VALLEY. 


hw 
Fig. 1— Across the Head-waters and adjacent Watersheds. 
(The North Downs in the distance.) 
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Fig. 2.—From Oldbury Hill to Highlands Hill. 
Oldbury High- Gorge of 
Hill, Ightham. field. the Shode. Highlands. 


Fig. 3.—From Ightham Common to Comp Wood. 
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Fig. 4.—From Shipborne to Hamptons. 
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a. Traces of an old drift of worn and stained flints......... (Preglacial ?) 


f, Garraifed gravel of white ints) or yoeetain age ... (Gla) 


c. High-level Valley- or River-gravel ..............00.00000- : 
ce’. Low-level Valley- or River-gravel ...........0.0..0022..00 | Post-glacial. 
x. Sites of Palzolithic Flint Implements. 
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distance of about half a mile from the head of the main stream (the 
Shode). Nos. 2, 3, and 4 follow in succession in descending the 
valley at distances of from 1 to 13 mile apart. No. 4 is close to the 
junction of the old Shode with the old Medway valley. ‘The height 
at which the Shode flowed at its earlier stage is regulated by the 
height of its watershed, and is marked by the horizontal broken lines. 
These are slightly too low in figs. 1 and 3, and too high in fig. 2. 

This small stream is ten miles long from its source above Ightham 
to its junction with the Medway; but the old stream, when both 
rivers flowed at a higher level, was not more than six miles in 
length, with a breadth of channel seemingly of from 3 to 14 mile; 
while that of the Medway, at Tunbridge, could scarcely have been 
less than five miles in width. Since that time the channel of the 
Medway has been lowered 220 feet or more, and that of the Shode 
in proportion; for the high-level (275 feet) river-drift of the 
Medway at Little Park * is three miles north of Tunbridge, and the 
nearest hills south of the Medway, which are high enough to have 
formed the southern shore of the old river, are at least five miles 
distant from this point (see fig. 4, p. 272). 

The spring which forms the fountain-head of the Shode is thrown 
out by the Chalk Marl or Gault at the foot of the North Downs on 
Newhouse Farm, near Wrotham, at a height of 380 feet above 
ordnance datum, but after heavy rains it issues t mile further north, 
at the higher level of 400 feet or more. 

The lowest level of the watersheds which at present separate the 
Shode from the basins of the Darent and Leyhourne is not more 
than about 320 feet above O.D.; but judging from a patch of older 
gravel at Park-Farm brick-pit, which there caps the Gault at a 
rather higher level, they may originally have been about 340 feet. 

Consequently the Shode could not, since these hydrographical 
basins have assumed their present contours, have flowed at a higher 
level than about 340 feet; and this is the height to which its highest 
terraces must be lhmited in its upper reaches; while, allowing for 
the fall of the river, they might be from 50 to 60 feet less in the 
lower reaches. All those drifts which exceed these heights will there- 
fore have to be assigned to causes other than those depending upon 
the régime of the existing streams, and to a date anterior to them. 

The River-Drifts of the Shode.—These, as might be expected, are 
small in quantity and scattered very sparsely at afew levels. Their 
thickest spread is near Ightham. Above the village there are thin 
patches of gravel on the lower slope of Fane Hull and Bayshaw, 
near Oldbury, and at Coney Field on the opposite bank of the 
stream, at the level of from 300 to 330 feet, and apparently from 
2 to 4 feet thick; but there are no pits now open to show the exact 
thickness 7. These gravels consist essentially of white, angular and 


* There is another outher mentioned by Mr. Topley at Starvecrow, one mile 
to the south of this, and at the height of 253 feet, consisting, like that at 
Little Park, of subangular flints and chert, with Tertiary flint-pebbles and 
Wealden débris. (Geology of the Weald, p. 185.) 

tT Geology of the Weald, p. 185. 
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subangular flints, of Tertiary flint-pebbles, and of angular frag- 
ments of chert and ragstone from the Lower Greensand, the pro-’ 
portion of the former decreasing as we descend the valley, and that 
of the latter increasing ; while a few miles down, at Dunks Green, 
Wealden débris appears. 

The most important patch of this “river-drift” is a little above 
and east of Ightham, at aspot called Highfield. It there forms a bed 
of gravel about $ feet thick and 320 feet above O.D., or of 60 feet 
above the Shode. Lower down there are terraces of scattered river- 
drift at Crowhurst, on the right bank of the stream, and on the left 
bank between Basted and Crouch, at about the same level of from 
300 to 320 feet. Below this there is little river-drift to be met 
with until we reach Dunks Green and Shipborne, where, at a level 
of from 200 to 250 feet, is another thin, though better-marked, 
patch of gravel, from 2 to 3 feet thick; and at Broadfield, on the 
opposite side of the Shode, there are a few scattered flints and 
pebbles, which may carry the river-drift to a height of 270 feet, or 
of from 140 to 150 feet above the Shode. There is another small 
a on the ridge between the Shode and the Mote stream (¢, ¢, 
figs. 2 2, D5 4, p. 272). 

In the small portion of the Darent basin with which we have to 
deal there are very few “ river-drifts.” There are traces of gravel 
below Stonepit and Fuller Street which may be referred to them: 
but the best-marked patch is on a lower level in the railway-cutting 
at Child’s Bridge, near Seal. This latter only covers a few acres, 
is from 4 to 5 feet thick, ochreous, and roughly stratified. It is 
composed in greater part of Lower Greensand débris*, with very few 
flints and flint-pebbles. Some of the flints are pitted, and others 
stained brown and subangular. 

In the basin of the Leybourne stream a bed, apparently of river- 
gravel, extends from below Offham Church at the level of 230 feet to 
West Malling, where its level at St. Leonard’s Tower is from 180 
to 200 feet above O.D. It consists of subangular flints, chert, and 
Tertiary pebbles in a sandy matrix. There are no pits to show its 
thickness. On the other side of the stream there is a slightly 
lower terrace (described by Mr. Topley) capping Leybourne Hill at 
a height of 153 feet above O.D., or of 75 feet above the stream, and 
traces of the same are visible at Larkfield Heath. 

There are some lower-level gravels near Ryarsh, but without 
sections, and the old pit on this level, near Leybourne Church, is 
now closed. At the junction of this valley with that of the Med- 
way there is, however, a large pit on a well-marked terrace about 
60 feet above O.D., capped by an ochreous gravel composed of a 
mixed débris of subangular flints, weathered chert, and Tertia 
flint-pebbles, with a considerable proportion of Wealden pebbles +. 

Unfortunately there are neither river-shells nor Mammalian 
remains in any of the Shode gravels to certify to their character: 


* Mr. Harrison reports one fragment of Oldbury stone; but this may have 
come from some of the hills west of Oldbury. 
t See Topley’s ‘ Geology of the Weald,’ p. 174. 
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but this is not an uncommon feature of beds of this class*. In 
separating them therefore from the higher gravels, which extend 
at heights of about from 400 to 500 feet on the Lower Greensand 
range of hills, through which the Shode valley cuts, I have had to rely 
solely upon levels and physical features and characters. 

Another source of difficulty arises from the circumstance that 
owing to the absence of sections which would show whether or not 
we are dealing with substantial beds of drift im svtu, or whether 
the appearance of drift is merely due to the trail from higher-level 
drift-beds, it is uncertain whether some of the intermediate sup- 
posed drift-gravels, such as those near Crouch and below Bewley, 
together with others, may not belong to superficial trad. 

The problem is further complicated by the fact that the Shode 
‘“ river-drifts ” are largely composed of materials derived from the 
older drifts, so that on lithological grounds alone they cannot well 
be distinguished. 

The Higher Unclassed Gravels——These I would divide into two or 
more groups. A lower one consisting of angular white flints, with 
very few Tertiary flint-pebbles, and little Lower-Greensand deébris, 
imbedded in a local matrix, without stratification. Of this drift 
a small remnant caps the watershed at Park-Farm brick-pit, about 
340 feet above O.D., resting on an uneven surface of Gault, and 
having an ar pillaceous aneies, No organic remains have been found 
in this sravel, which is of date anterior to the Shode valley. 

Another group, consisting chiefly of flint-débris and occupying 
levels higher than this or than that to which the river-drifts reach, 
occurs in irregular mounds on the hills extending east and west on 
the south side of the Holmesdale valley t, and crossing the Shode 
valley at Ightham. One such patch caps the Folkestone Beds at 
Cop Hall, 420 feet above O.D., half a mile south of Ightham, and 
consists of angular white flints, with a little Lower-Greensand débris 
and a few Tertiary pebbles. With these I would correlate the 
mounds of gravel which, two to three miles east of Ightham, cap 
the same range of hills at a height of 488 feet at Gallows Point and 
Highlands, and form well-defined ridges commanding the surround- 
ing country (fig. 2, p. 272). ‘The drift is there composed chiefly of 
angular flints (some of large size), weathering very white, with 
worn subangular brown flints, some fragments of chert and grit, 
and a few Tertiary flint-pebbles ; whereas, just to the south-east of 
Highlands and at arather lower level, there is a large spread of 
ochreous flints, with little chert and a few blocks of Oldbury Stone. 
There is another abnormal bed of drift of uncertain age, composed 
almost entirely of chert fragments, with only a few angular white 
and subangular brown flints, and Tertiary flint-pebbles imbedded in 
a red clay, covering the rising ground between Comp and Offham 


* No Mammalian remains had been discovered in any of the beds of old 
river-drift of the valley of the Darent previously to last summer, when some 
chance excavations brought a few remains of the Mammoth to light. 

t+ The long valley which runs east and west at the foot of the Chalk-escarp- 
ment, 
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at a height of 340 feet. These latter, however, properly belong to 
the basin of the Leybourne valley. 

Westward of Ightham there are traces of a similar drift at 
Oldbury Place, Kilnfield, and some other places round Oldbury 
Hill, which, like that on the slope of Sheet Hill, are so much 
mixed up with local débris, swept down from the heights of Oldbury 
Hill and Ightham Common above them *, that their distinctive 
character is obscured or lost. I shall have occasion at another time 
to show that these hill-gravels may be connected with other out- 
liers described by Mr. Topley between Sevenoaks and Westerham. 

In the Ightham Basin, a drift, higher than that of the river- 
valleys, and consisting of Lower-Greensand débris mixed with angu- 
lar flint and Tertiary flint-pebbles, occurs on the left bank of the 
Shode, near Crouch, at the level of 356 feet, and again above Old 
Soar; while between the two, und at rathera higher level, there are 
pockets containing numerous Tertiary flint-pebbles. At the june- 
tion of the old Shode valley with that of the Medway, and high up 
the side of the hills, is another isolated patch of old drift, formed of 
Oldbury Stone, ochreous flints, white flints, and Tertiary pebbies, 
at the level of 350 feet on Gover Hill. This is the furthest point 
south to which this drift has been traced. On the opposite side of 
the valley, in a field west of Bewley Farm, a similar old drift of 
much-weathered chert, with very few flints and flint-pebbles, is 
met with near Bewley, at a height of 430 feet, and extending to 
500 feet at Rose Wood. On the other side of the hill on the west, 
which, at the lowest pass, is 560 feet high, a sprinkling of angular 
and subangular flint-pebbles again occurs between Lower Bitchet 
and Stone Street, at the head of the dry valley that joins the Darent 
valley at Seal (figs. 3, 4, p. 272). Between Oldbury and Seal a 
similar drift, but with more chert and ragstone, is met with on the 
slope of the Greensand range, near Chart Farm, Stonepit Farm, and 
Fuller Street, at a height of from 360 to 420 feet or thereabouts T- 
On the hill west of Seal there is a similar drift (at 280-310 feet), 
but it is more flinty 

None of these high-drift gravels, for the discovery of all of which 
We are indebted to Mr. Harrison, can be referred to any existing 
system of drainage or river-action contingent upon the present con- 
figuration of the country, unless we except the patch at Seal, which 
may be connected with the Bitchet and Stone-Street Valley as an old 
tributary of the Darent; but the levels are difficult to coordinate. 

We will now revert to the Ightham valley, and define the driit- 
beds which can be referred to the action of the Skode, as it flowed 
at successive levels during the excavation of its valley-channel. 
We may premise that, as a consequence of the low watersheds 
before named in the Holmsdale valley, the maximum level of 
the initial stream could not have exceeded by more than from 50 to 


* I suspect that some of the other surface-drifts in other parts of the dis- 
trict may prove to be similarly masked. 

+ Some of this may, like the drift around Oldbury, be local débris or trail 
from the higher ground above. 
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60 feet that of the present stream at Ightham, though this may 
have been increased lower down the valley by the greater fall at 
its outlet, caused by the more rapid denudation of the Medway 
yalley. We have therefore only to look to the drift-beds below the 
contour-level of 350 feet or thereabouts in the upper part of the 
valley, and of 300 feet or less in the lower part, where the valley 
is excavated to the depth of 140 feet (figs. 1-4, p. 272). 

The tributary stream which passes by Ightham and rises on the 
slopes of Oldbury Hill must have at some time been one of con- 
siderable power ; for its old bed above I[ghtham is, I am informed by 
Mr. Harrison, marked by a line of large blocks of the Oldbury 
Stone * which were exposed when the railway was being made. At 
Fane Hill, higher on the slope of Oldbury, the drift belongs in part 
to the Shode, as it does at Bayshaw, where it forms a bed of gravel 
A feet thick. Coney Field is covered by a white flint-gravel, which 
may also be of this age. 

The slight sprinkling of drift on the low hills, bordering the 
other and main stream above Ightham, may possibly be a river- 
drift. Half a mile east of Ightham, at a spot ealled Highfield, 
just below the junction of the two main streams, there is a well- 
marked deposit of undoubted river-drift. It caps a hill rising from 
- 50 to 60 feet above the Shode. The gravel is not worked ; buta hole 
was dug, which showed it to be not less than 8 feet thick, roughly 
stratified, and composed approximately of :— 


Subangular white flints (some of them pitted), together 
with a few others, much worn and deeply stained 


GURU TEESE. ac ede pete aed dathenls ati wacamenes «tee about 950 per cent. 
Lower-Greensand débris, consisting of subangular rag- 
stone, chert, grit, ironstone, and Oldbury Stone ...... 45 aS 
Mer iraty MIMt-PCOD Sa. ccenrssanstmoncwucheecce seers acre tasincnt ens 5 re 
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in an ochreous sand; no fossils were found. 

In the valley a short distance below, and at a level of a few feet 
above the stream 7, a well-marked bed of low-level gravel is ex- 
posed near the Mills at Basted. It is 6 feet thick, but is not worked, 
and consists chiefly of chert débris, with a number of blocks of 
Oldbury Stone, and a certain proportion of flints and flint-pebbles. 

How ruch of the scattering of subangular flints, chert, and 
Tertiary pebbles at Claygate and the opposite Bewley slopes is to be 
assigned to a high-level river-drift, is, in the absence of sections, 
impossible to say. At Dunks Green, however, south of Plaxtol, and 
extending thence to New Farm, Shipborne, there is a well-defined 


* The Oldbury Stone is a peculiar waxy chert, slightly translucent, of yellow, 
red, and grass-green colours, largely developed in the Folkestone Beds of the 
Lower Greensand at Oldbury Hill—a high hill (620 feet) west of Ightham, 
and at others adjacent. ‘This chert, which is peculiar to this district, is easily 
recognized in the drift-beds. Mr. Trimmer found it on Dartford Heath, and I 
have found it in various parts of the Lower-Thames valley. It has been described 
by Prof. Bonney in Geol. Mag. dec. 3, vol. v. p. 297. 

t The base of the valley, wherever exposed or cut through by the stream, 
shows a bed of gravel under a thin alluvial deposit. . 


SS) 
9 8) 


PROF. J. PRESTWICH ON THE OCCURRENCE OF 


spread of river-gravel from 2 to 4 feet thick, and at a level of 60-70 
feet above the Shode, or 200-220 feet above the sea-level (fig. 4, 
p- 272). Here, in addition to the Chalk, Tertiary, and Lower-Green- 
sand débris, the drift contains small flat Wealden pebbles, and is 
remarkable for the large number of blocks of Oldbury Stone—many 
of which are 2 cwt. or more in weight— which it contains. Roughly, 
the gravel is composed of :— 


Subangular white fimis, with others more worn and 


stained eye TG | oo. 28 ase eee 40 per cent. 
Lower Greensand débris, with blocks of Oldbury Stone. 45, 
‘Tertiary flint-pebiless 2.5.30: -<- ieee oc Ea 10" aS 
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A low-level patch is recognizable about 20 feet above the stream 
at Hampton Mills, and a larger spread occurs a liile north of 
Hadlow (at 110 feet), near its junction with the Medway-dnit. 
The gravel, which is there intercalated with much sand, stall shows a 
preponderating proportion of flints, fimt-pebbles, and Oldbury 
Stone: whereas lower down the valley the Shode-drift becomes 
merged in that of the Medway; and at Goose Green, where the 
gravel is 10 feet thick, it is composed of :— 


Mach-worn chert and ragstone, of which Oldbury Stone About 
eontiabuies > per eemb. ooc02..--2ocse.csnnds onsen canto 5D per cent. 
Angular, white, and rolled stamed fimts, with a few 
Tertiary fiint-pebbles 20 
Wealden déris.iccs.:521gcg ete hee 2 


and forms a low terrace 137 feet above O.D., or about $5 feet above 
the Medway. 

The river-drift gravel in the valley of the Shode is im all proba- 
bility derived in a iarge proportion indirectly from the older or 
hill-drifts, and not directly from the Chalk and Tertiaries. Never- — 
theless, although no stream now fiows from the Chalk hills, at an 
early stage of the Shode there may have been contributory streams 
from the escarpment above Ightham; for on the top of the Chalk 
Downs, which rise above the head-waters of the Shode, there is a 
considerable outlier of Tertiary sands, shingle, and clay (fig. 1, 
p- 272), and a portion of the rain-water falling there, instead of 
passing at once into the Chalk, lodges in the Tertiary strata and 
escapes on the sides of the outlier. Im ordimary seasons this water 
disappears on reaching the outside Chalk-surface, either by absorp- 
tion or by means of the swallow-holes common in such areas *. 
But m times of excessive rains these channels of drainage prove 
insuficient, and the waiter forms torrential streams of limited 
extent, which follow the apparently narrow channels of extinct 
watercourses now filled up with the flints and pebbles carried 
down during former periods of great rainfall; and this débris 
is Now on a few rare oceasions broken up afresh and transferred to 
lower levels. Or else the water, smking down through fissures and 
swallow-holes in the Chalk, so increases the volume of the under- 


* The author, in Quari. Journ. Geol. Soc. vol. x. p. 222. 


PALMOLITHIC FLINT IMPLEMENTS IN KENT. 279 


eround waters, that they burst out at unusually high levels on 
the lower slopes of the Chalk-escarpment on the line of other old 
watercourses now dry. 

A remarkable instance of this occurred during the heavy rainfall of 
the 3lst July, 1888. In this case an old farm-road had been carried 
up from the foot of the downs near St. Clere to Drain Farm on 
the top, a distance of 3 mile. Along and under this road was what 
proved to be an old watercourse, filled with a mass of angular flints. 
The rush of water which escaped from the Chalk was so great that 
the lower part of the road for a distance of 230 yards was torn up, 
and a narrow rent formed along the whole of that distance from 
from 3 to 5 feet deep through this flint-rubble*. Cart-loads of the 
flints, some of which were of a large size, were carried down and 
thrown across the road (the old Pilgrim’s Way) to the depth of from 
2 to 3 feet, and on to the opposite field. We may suppose, therefore, 
that towards the close of the Glacial period, what with the melting 
of the snow and ice, and possibly a heavier rainfall, the slopes of the 
Chalk Downs were scored at places by watercourses such as this, and 
that ultimately, as the force of the waters decreased, these old 
channels became blocked up and levelled by the flints brought down 
from the higher ground. In this way the Shode, during its earlier 
stages, may have received some of the flint and Tertiary flint-pebble 
débris found in its drift-beds. 

There are, however, other component parts of the Shode drift- 
gravels, for the origin of which we must look elsewhere. Amongst 
these are-some large angular broken Chalk-flints, weathered white, 
and often pitted or pock-marked in a peculiar manner, and with the 
edges slightly worn. ‘These differ materially in aspect from the bulk 
of the other flints, and are derived apparently from an old unstratified 
gravel that frequently overhes the Gault in the Vale of Holmesdale, 
and of which a patch before mentioned caps the watershed at Park- 
Farm brick-kiln. I have reason to think that this gravel may be of 
Glacial-period origin ; but this can be shown better in places in the 
Darent basin, which I hope to describe on a future occasion. 

There is also a marked variety of subangular flints of a very dif- 
ferent character, not unfrequent in all the drift-gravels of the 
district. These flints are easily recognized by the extreme wear of 
their edges due to long abrasion hefore they became imbedded in their 
present positions. They are also deeply and uniformly stained a 
warm brown colour, in marked contrast with their surroundings. For 
the first source of these stained flints it is difficult to account; they 
have evidently been derived originally from some very old drift, which 
I have not yet found in situ. They may be traced from the Shode - 
river-drift to the older hill-drifts of Cop Hall and Highlands, and from 
these agaiu to the Chalk-plateau, where they predominate in places 
on the Red Clay with flints; but this does not carry them quite home. 


* Equally remarkable, I am informed by Mr. Harrison, was the rush of 
water down the dry Chalk valley on the other or north side of Drain Farm. It 
re-excavated old channels, swept down hedges, and spread over fields. At one 
place a hole was left large enough to hold a waggon. 
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Brick-earth occurs in small quantities and at various levels. Mr. 
Topley has described a local mass of iton East Malling Heath, at an 
elevation of 290 ft.* It occurs also just below the Gault-pit oa 
Park Farm at 340 it., at Crown Point under Oldbury Hill at 490 ff., 
on the line of railway just below Fane Hill at 300 it., and again at 
Seal Chart Common, at a height of about 520 ft. It is possible 
that some of these beds may be, like the gravel-drifts, reconstructed 
irom the earlier deposits. 

Paleolithic Flint Implements.—lt is on the surface of the land at 
all levels up to 600 ft., and associated generally with some of the 
above-mentioned drifts, that these memorials of early Man are 
spread. It requires, however, long and patient search to find 
them, and Mr. Harrison’s collection is the result of many years’ 
search at intervals of leisure. Oi all these specimens he has kept 
a fall record, noting the height above the sea-level, and giving 
a slight sketch of each implement. They appear to have been 
found at 42 different localities. The following is the list of these he 
has drawn up for me, arranged alphabetically, with the height above 
sea-level, and the number of implements found at each place —:— 


| sent | Number of Height 
| (within 5 mules of [ghtham) | Seconded | eee 
: : ‘i = 7 | Specimens. | sea-level. 
Ash ding th | | fx | 
sh (including those found by Mr. De B.) | 7 - 
Wiestwlenyy)) ess eter Te ee j : we ) ee 
| Bower Lane, near Eynsford .................-.--.-- 12 | 520 ) 
| Bitehet and Stone Stree’é’ 222.22. 2c 24 ' 15 | 530 | 
Bewley Valley (Parsons-brooms and Warren } | =e 
ae nntiatiOis i. oie ee ee oe cee i = eh 
| Buckwell (and Clay-pit field), S. of Chart Farm | 3 364 to 384 
| Bayshaw and Robsacks, N. of Ightham............ | 4 303 to 320 
Petsaroupie Garcon) ethos ale Toh eee | 1 | 300. 
UBSr TT 22s eee Suh e | 3 | 284 
| Brooms and Ivesfield, N. of Oldbury Hill ...... 10 400 
| Broomsleigh, Chart Farm, and Hider’s hop- | | 24 400 to 460 
| egggermetlete home aer sy 2 nec rot eer ate 
hart) Camiuminnt ans 8 oes 2 ie TE J 1 5104 
Shierhs Wiesel miele Soe = 2 5) ee ee ee 1 | 454 
Rioriedy 2 0 ces ret eee ee Se 1 380 
feo lnypeaie: (rics 22222 eee ce eee op nee 1 300 
| Crowhurst (and Kingsfield) ..................------ 9 310 ) 
| Cop Hall (Belmont), E. of Ightham........ fers Fhe 1 410 | 
| Coneyfield, N. of Ightham Church ............... 4 295 H 
| Dunks Green and Shipborne ...........-....---- --- | 9 200 to 240 | 
| Fane Hill (and Twelve-acres), N. of iepttams| 62 310 to 300 
| Four Vents, near East Yaldham ..............-.-- | 420 
jperuler puree... -.- bo. ee ee 1 ; 400 | 
| Goose Green, near Hadlow ................---.-.-- 1 137 
LGladlow Northol 2<...c. i203. 4hc2e seth 1 | 110 
NEUSE IANIN 2 occ ona 5 22 weer 1 120 | 


* Geology of the Weald, p. 183. 
+ Ordinary flakes are omitted. 
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Table (continwed). 


Poca Number of Height 
(within 5 miles of Ightham) recorded above tae 
8 } specimens. sea-level. | 

| feet. 

Highfield (and Islesfield), E, of Ightham......... 14 300 to 330 
Ightham Common and Knoll, and Bellevue ... 3 460 
alofield, .N.W. of Oldbury Hill «i... .csssacees.t 28 415 

er Meal IN oes csc ap. ceis s sn Sie ws nine 'slls no etettatg clo 2 190 to 240 

Offham (Hook Wood, 310) and E: Comp, 330...| 3 310 to 330 

Oldbury (Hast), and Palmer’s and ae, 17 390 to 420 

PS Tea Tau VOPR Pease oer pe teh cletice sticks «psoas 

ST uty 918 0 ROR ee Bh ee | 2 500 

Oldbury Place (and Sunnybanks) .................. 5 398 to 400 

Patch Grove, North 360, South 400............... 21 360 to 400 
eRe ee ee ee os See atic case nsteersietecie  uaisiais 1 310 
Rose Wood, Hop-plantation, and Bradleys...... 3 490 
SedmemMll WEStVOL Ns i coeehiNs esa ieet ch ceeeverabede 11 310 
mectagl-tteld,N: Hi of Tehtham ........:......c00.6 46 270 
Slse@is [ECU bs. Nias AaNe US tee er ee Se a eae 1 390 
Tyers Knoll and Bassett’s Plantation ............ 2 320 
NWarerdenc (Seal) i. ..c ss.) case ces cement cee eee 3 420 


To these may be added one specimen found by Mr. De B. Craw- 
shay at each of the following places:—Punish Farm, on the Chalk 
escarpment (600 ft.); Chart Common (500 ft.), and Fawke Common 
(600 ft.), on the Lower Greensand near Sevenoaks. 

The heights given above must not be judged of only in relation 
to the level of the sea, but rather to those of the adjacent 
streams, all of which are here considerably above the sea-level. 
Thus the Shode at Ightham is 260 ft. above O.D., at Dunks Green 
145 ft., and at Hampton Mills 117 ft. ; while the small tributary of 
the Darent at Child’s Bridge, near Seal, is 230 ft., and that of 
the Leybourne stream at Malling 80 ft. above O.D. On the other 
hand, the Lower Greensand hills above Stone Street, and at Oldbury 
Hill, west of Ightham, attain a height respectively of 673 and 620 
ft., and the wooded hills east of Ightham of 552 ft.; the Chalk- 
escarpment rises to the height of 754 ft., while the Tertiary outlier 
which caps the Chalk reaches a height of 765 ft. This point has 
to be considered in the following list, in which the foregoing places 
are grouped according to the contour-lines of the 6-inch Ordnance 


Maps. 


At and above the Contour-line of 500 fe. 


Ash; Bower Lane; Punish (these are on the high Chalk plain). The 
following are all on the Lower Greensand :—Bitchet and Stone Street ; 
Chart Common ; Oldbury Hill; Fawke Common. 

Total specimens, 46 


Between the Contour-lines of 400 and 500 ft. 


Bewley ; Brooms and Ivesfield ; Broomsieigh; Chart Farm ; Chart Lodge; 
Cop Hall; Fuller Street; Four Vents; Ightham Common; Kiln- 
PEL GEE HORE UNV O OCs: NM abeLC eee deen bate pple seelwepe vepntansn se uemewb eae Total 211 
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Between the Contour-lines of 300 and 400 ft. 


Buckwell; Bayshaw; Borough Green; Crouch; Claygate; Crowhurst ; 
Fane Hill; Highfield; Oldbury East; Oldbury Place; Offham; 
Platt; Patch Grove; Robsacks ; Sheet Hill; Seal; Tyers Knoll. Total 139 


Between the Contour-lines of 200 and 300 ft. 


Basted ; Coneyfield; Dunks Green and Shipborne; School-field; West 
1. 140) oF nn nee ee pemaures corre LOR ERS Bo ean 5: Total 12 


Between the Contour-lines of 100 and 200 ft. 
Goose Green ; Hadlow ; West Malling’ \. 2.02... eee Total 3 


Or, arranging them according to the three hydrographical basins 
to which they belong, they may be grouped as under :— 


Within the Basin of the Shode. 


Bayshaw and Robsacks; Patch Grove, S. and W.; Twelveacres; Fane Hill; 
Kilnfield; Ivesfield; Brooms; Styants Bottom; Coneyfield, Oldbury; Court 
Lodge, W.; Bewley ; Sheet Hill; Rose Wood ; Ightham Common; High- 
field ; Platt; Crowhurst ; Basted ; Claygate; Crouch; Four Vents; Tyers 
Knoll; Cop Hall; Dunks Green and Shipborne ; Hamptons; Hadlow. 

Within the Darent Basin. 


Bitchet; Broomsleigh; Buckwell; Chart Common; Chart Lodge; Fuller 
Street; Stonepits; Seal Hill; Waterden ; Child’s Bridge. 


Within the Basin of the Leybourne Stream. 
Offham ; West Malling; East Comp. 


Within the Thames Basin. 
Ash; Bower Farm Lane; Punish. 


These lists show how wide the distribution of Paleolithic flint 
implements in the Ightham district is*. It will be seen by refe- 
rence to the Map (Pl. [X.) and sections that they extend far beyond 
the limits that I have assigned to the river-dritts formed since the 
present hydrographical basins were established. 

Of the various localities named above, the only ones which, I 
consider, come within the boundaries of the old course of the Shode, 
at the time that it flowed at its higher levels, are Fane Hill (the 
lower part of it), Coneyfield, Bayshaw, Highfield, Crowhurst, Basted, — 
Dunks Green, and Hamptons. Applying the same rule to the 
adjacent Darent tributary, the known river-drifts are confined to 
Child’s Bridge, and possibly to the terrace just below Fuller Street 
and Stonepit; and in the Leybourne Valley to West Malling and 
Leybourne. All the other places are beyond the river-boundaries, 
and the presence of paleeolithic implements at those higher levels 
inust be accounted for by some other means than those in connexion 
with the former régime of the existing streams. 

Character of the Flint Implements—Until the discoveries of Mr. 

* It is probable that their distribution is even more general than here in- 


dicated ; for a certain portion of the land is pasture and alluvial land, 
which prevents the examination of the subsoil. 
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Harrison, these abnormal cases were so rare that the few specimens 
found were hardly the subject of discussion, or were supposed to be, 
like the Neolithic flint specimens, dropped or lost on the surface 
of the land, where they had since remained*. It is clear that 
either such must haye been their origin, in which case these flint 
implements might be of the usual so-called Post-glacial age, or else 
that they are in some way connected with the drift-beds on the 
surface of which they are found, or with others since removed, in 
either of which cases they must be of greater antiquity than the river- 
valley gravel specimens. ‘he question, therefore, in relation to 
the antiquity of man, is one of very considerable interest. The 
first of these two opinions seems to be the one tacitly held; but 
an examination of the specimens and of the ground makes me doubt 
whether the presence of the implements can be accounted for in this 
way. The character of ordinary Neolithic surface-specimens is 
very distinct from that of these paleolithic forms. 

The unpolished Neolithic flint implements that are found on the 

surface are at once recognized, not only by their form, but also by 
their condition. ‘The flint is weathered, and the black surfaces have 
become irregularly whitened, with a dull lustre, and with edges often 
slightly blunted, but not water-worn. There is an absence also of 
that uniform but varied colouring which results from entombment 
in a matrix of a special character. ‘The specimens are free from 
incrustation, except in a few cases, where they have lain in alluvial 
beds; while from exposure on the surface they have commonly come 
in contact with plough or spade, and the iron rubbed off by the 
sharp edges of the stone has rusted and fringed them with strong 
ferruginous stains, in contrast with the general colourless surface. 
The surface of these palolithic flints, on the contrary, although they 
occasionally show contact with the plough, are more usually free 
from these iron-marks, and exhibit generally the deep uniform 
staining of brown, yellow, or white, together with the bright patina, 
resulting from long imbedment in drift-deposits of different charac- 
ters ; and while some specimens are perfectly sharp and uninjured, 
others are more or less rolled and worn at the edges by drift-action, 
some very much so. 
Of the Flint Implements belonging to the Shode river-driftst, the 
greater number are of a brown, yellow, or white colour, patinated, 
sharp, and uninjured, while others are much worn and rolled. At 
Bayshaw well-finished light-coloured specimens are found uninjured 
in a gravelly red clay 4 feet thick. At Fane Hill the specimens are 
more frequently of the pointed and spear-head type, with a few flakes 
and scrapers. Some of them are white, patinated, and sharp; a 
few specimens are rudely made, of a deep brown colour, and very 
much rolled and worn. These latter seem to be derived. 

At Highfield, the specimens, which have no doubt been exposed by 


* Or, as suggested by Dr. J. Hvans, that these hill-drifts are connected with 
the existing drainage-system ; their independence will be shown further on. 

+ I have not considered it necessary to figure any of these, as they differ in 
no respect from the ordinary River-drift implements. 
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denudation of the bed of gravel, are many of them ovoids, of a bright 
ochreous colour; a few are plough-stained. 

At Dunks Green the specimens are mostly small and well-formed 
pointed ovoids. One of them was taken from under 2 feet of gravel. 
These specimens are further of interest, inasmuch as, although now 
found mostly on the surface, the small but prominent incrustations 
of iron-oxide and sand with which several, together with the pebbles, 
are spotted, show that they have lain in a ferruginous matrix and 
have been brought to the surface by partial denudation of this bed 
of drift-gravel. 

The Implements of the older higher or hill-levels of the Shode 
basin present characters very similar to the foregoing, except that 
on the whole they may be somewhat ruder, and there is a prepon- 
derance of the smaller and ovoid forms with fewer of the large lance- 
head type. 

On the west side of Oldbury Hill* specimens are found on the 
surface at Kilnfield, Upper Patch Grove, and Styants Bottom. Some 
of these are lance-head forms, and others are small well-finished 
ovoids (Pl. X. fig. 4), sharp and uninjured. The majority are por- 
cellaneous, and with a strong patina. With them are a few large, 
rough, flake-scrapers. On the east of Oldbury, flint implements have 
been found between the levels of 400 and 500 ft., and one above that 
height. They are mostly of small size, light bluish-white in colour, 
or porcellaneous. Some are pointed ovoids, others thick flakes worked 
on one side, and a few scrapers. 

To the south of Ightham there are a number of the older high- 
level or hill-drifts, on the surface of which Mr. Harrison has found 
paleolithic flint implements. It is not necessary to specify all these. 
As a type of the whole, we take the one locality which has proved 
most productive, viz. the field west of Bewley Farm, where the ground 
at a height of from 420 to 430 ft. is covered by a much-weathered 
subangular chert-drift, with a few subangular flints and pebbles. 
Out of 23 specimens from this place, taken at random, I found— 


6 well-formed pointed ovoids, mostly with a strong twist; two of these were 
yellow and uninjured, and two were white and porcellaneous, and two 
plough-stained (Pl. X. fig. 7). 

7 smaller ovoids; mostly porcellaneous, with a tinge of yellow, some of them 
plough-stained. 

2 small pointed lance-shaped white implements, stained by the plough. 

5 more massive pointed implements, white or yellowish, one of which was sharp 
and uninjured, one patinated, but with the glaze rubbed off its edges and 
much worn, and two rude specimens damaged by plough. 

3 bright-yellow thick flakes, worked at edges and uninjured (PI. X. fig. 3). 


In the Darent Basin the specimens from the high level (530 ft.) 
of Lower Bitchet are varied in form, are mostly white and por- 
cellaneous, but dimmed, and show but little sign of wear, except by 


* The alternation of hard cherty beds with soft sands at Oldbury Hill would 
tend to the natural formation of rock-shelters, and this, with the defensive 
advantages of the position, may have attracted the larger population which, 
from the abundance of worked flints, seems to have centred for a few miles 
round this conspicuous hill. 


PALMOLITHIC FLINT IMPLEMENTS IN KENT. 285 


the plough in the case of some (Pl. X. fig. 2). At Chart Farm and 
Stonepit (400 to 440 ft.) the specimens are in general white, small 
and rude, and with plough-stains (Pl. X. fig. 6). One small speci- 
men (24 inches long) is well formed and uninjured. Another pointed 
specimen is made from a dark-brown subangular flint, the worked 
surface being of a light greyish-white colour (Pl. X. fig. 1). One 
lance-head implement is made of a peculiar white granular flint, 
which I have seen in the Chalk about Fawkham. But few flakes 
were found. Some of the specimens from this district are much 
pitted. 

Mr. De B. Crawshay has an admirably worked specimen from a 
Lower-Greensand (Folkestone Beds) pit at Seal Chart Common, at 
the level of 500 ft. It is a shallow pit, worked for road-metal. 
The upper cherty beds are disturbed and displaced, and mixed up 
with white sand and some reddish clay and loam. The specimen 
was found at a depth of one foot from the surface, and probably, 
from its aspect, in the red clay or loess, a large body of which occurs 
at a short distance south, where it has been worked as a brick- 
earth. Thisimplement (Pl. X. fig. 8) is flat, finely worked to a sharp 
point and edges, and has a delicate white porcellaneous surface, but 
the butt end has been broken off. Itresembles very closely, both in 
appearance and workmanship, some of the flint implements from 
Warean’s pit at St. Acheul (Amiens), where they are also found in 
a reddish clay or brick-earth. 

The specimens from Seal are, on the whole, larger and ruder, and 
many are of the lance-head type. Several of them also are made 
of the white granular flint just mentioned. 


The only specimen recorded from the river-gravels in the Darent 
Valley is a doubtful rude flake found by Mr. Harrison i sztu in the 
chert and flint-gravel at Child’s Bridge, about 30 ft. above the stream. 

Very few specimens have yet been found in the Leybourne Valley. 
Those at West Malling were in a bed of flint river-gravel, and at 
Comp in an apparently older drift of angular chert in a red clay. 
They are of medium size, pointed, and rude. 


The Chalk-plateau Specomens.—Passing to the Chalk hills which 
drain northward into the Thames, a remarkable spread of flint im- 
plements has been discovered by Mr. Harrison on the high plain at 
Ash, 5 miles north of Ightham, and 64 miles south of Gravesend. 
There, at a height of from 490 to 510 ft. above O.D., a small outlier 
of Lower Tertiary sands, scarcely rising above the Chalk-plateau, 
covers the Chalk ; and on these, again, there is a thin scattering of 
drift composed of unstained angular flints, Tertiary flint-pebbles, 
some very subangular much-worn flints uniformly stained of a deep 
warm brown colour, with a few fragments of Lower Greensand rag- 
stone and Oldbury Stone, and a few rare quartzite pebbles. Mingled 
with these are scarce paleeolithic flint implements. The ground 
has been carefully searched over by Messrs. Harrison and De B. 
Crawshay, who have obtained about thirty specimens from these few 
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acres of ground. They form a distinct group, characterized by their 
general brown and ochreous colour, extremely rude shape, and worn 
appearance. Out of twenty-four specimens, taken at random, I 
found— 


7 rude broad flake-scrapers, deep ochreous or brown in colour, much rolled and 
worn at edges both by natural and by plough wear. 

5 very rude pointed implements of a light yellowish-white colour, much wea- 
thered as above; one of them is pitted (Pl. XI. figs. 2, 7). ; 

1 small fairly-formed broad-pointed implement; colour and wear as above. 

1 ditto ovoid ditto ; light yellow patinated, and with an old fracture. 

2 very rude thick massive scrapers (?), of a deep brown colour and much worn. 

2 flat massive brown flints, slightly wrought, and edges worn as though by 
hammering. 

1 massive green-coated flint, worked on one side to a point and stained brown. 

2 deep ochreous thick-backed flakes, worked on one side (Pl. XI. fig. 1). 

1 large rude flake (natural ?), artificially worked on edges (Pl. XI. fig. 4). 


Neolithic implements, retaining in greater part the colour of the 
original flint and mostly plough-stained, occur on the same surface. 

Mr. Harrison has more recently found a few rude implements 
(Pl. XI. fig. 3) or flakes of a similar character to the above, and 
associated with similar subangular brown flints and one quartzite 
pebble, a short distance south of Bower Farm, 13 mile south-east of 
Eyusford, and at the contour-level of 510 to 530 ft.; and at the still 
higher level of 600 ft. Mr. De B. Crawshay has found a massive flake 
(scraper ?), of a very rude make and brown colour, on Punish Farm, 
near the edge of the Chalk-escarpment, north of West Malling. 


Conclusion: Relative Age of the Drifts—As before observed, there 
is, in the absence of organic remains, great difficulty in assigning to 
the several drifts I have described a relative age. Nevertheless, there 
are physical features connected with them which may enable us to 
form some approximate conclusion ; and the number and character 
of the paleolithic implements facilitates the attempt, which may at 
least clear up some of the more essential points. 

It is evident from the condition of the implements that, although 
now occurring on the surface of the ground, they, unlike the Neolithic 
flints, which are unstained and unaltered except by atmospheric 
agencies, have been imbedded in some matrix which has produced 
an external change of structure and colour; while the matrix itself, 
which has been removed by denudation, has nevertheless in several 
instances left traces on the implements sufficient to indicate its 
nature (Pl. XI. fig. 6). 

In the case of the river-gravel sites of Highfield and Dunks Green, 
the question presents no difficulty. There the beds have been partly 
denuded, and the flint implements which were imbedded in them have 
thus become exposed on the surface. This explanation may also 
apply to the implements found associated with some of the drifts 
higher than those which can be ascribed to the river-period. But 
there are others to which it will not apply,—such, for example, 
as those which are found at elevations of 100 to 200 ft., or more, 
higher than the watershed of the three streams, nearly, in fact, to 
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the summit of the Lower-Greensand range and of the Chalk-escarp- 
ment, where they occur under conditions clearly indicating a 
different origin. 

Although these implements may now lie on the bare surface of 
the Lower Greensand or the Chalk, yet they are almost always 
found associated either with the remains of a drift of transported 
materials or of a brick-earth. Flints from the Chalk, and flint- 
pebbles from the Tertiary strata overlying the Chalk, accompany 
the flint implements at Lower Bitchet, Bewley, Crouch, Seal, and 
other places. These drifts point to a transport from north to 
south, though with them there is always mixed a certain proportion 
of local débris of the chert and ragstone of the Lower Greensand, 
the latter often preponderating almost to the exclusion of the others. 
Worn and stained subangular fiints are common in many places, 
more especially on the Chalk hills, 

The implements have a few leading characters which enable us 
to separate them into three classes :—1st. Those of which the fiint 
still shows a portion of its original colour, and the alteration is not 
much greater than in Neolithic flints. 2nd. Those of which the 
surface has been wholly or in greater part altered in structure, has 
turned from black to white, and has acquired so bright a patina as to 
give them the aspect of glazed ware, or, as itis termed, a porcellaneous 
aspect ; sometimes the white has a tinge of yellow. These specimens 
generally show no trace of wear, and are sometimes as sharp as when 
first made. 3rd. Those of which the flint has also lost its original 
colour, and has been stained of yellow, ochreous, or brown colours, 
often very dark, with or without patina. The latter brown imple- 
ments are generally much rolled and worn, like the brown-stained 
natural flints with which they are associated. 

The characters of the first class call for no particular observation ; 
those of the second and third are so marked that there is no difficulty 
in referring them each to a distinct matrix. The white porcellaneous 
aspect 1s acquired by imbedment in a stiff brick-earth or loess, 
generally of a reddish colour, as typified in the instance of Warean’s 
pit, St. Acheul, where all the implements from the stiff red brick- 
earth have acquired this bright white aspect. These white imple- 
ments also occasionally exhibit dendritic markings. The ochreous 
and brown coating seems to result from imbedment in particular 
ferruginous beds of sand or gravel, as in the case of the Shrub Hill 
(Norfolk) and other localities. 

With regard, again, to the 2nd group, I have little doubt that the 
fine porcellanous specimen (PI. X. fig. 8) from Seal Chart Common 
came from the reddish clay or loess, of which a thin remnant fills the 
uneven surface of the disturbed Folkestone beds. Similar specimens 
occur in the short deep valley which runs up on the west side of 
Oldbury Hill by Patch Grove, Kilnfield, and Styants Bottom, although 
no brick-earth is seen there; but near the head of the valley, at 
Crown Point, there is a small deposit of brick-earth, in which 
a large white paleeolithic flake was found at the depth of 4ft. A 
few porcellaneous specimens have been found on the same level, of 
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from 400 to 500 ft., on the east slopes of Oldbury. In the Shode-basin 
Mr. Harrison found, near Crouch Point, at the height of 400 it., 
a whitish flit scraper imbedded under 3 or 4 ft. of brick-earth. 
Similar white and sharp specimens are found on the surface at 
Bewley, Bitchet, and other places, though no traces of brick-earth 
are there visible. 

I consider it therefore more than probable that all these specimens 
have originally been imbedded in a brick-earth or loess, which has 
been denuded away, and that this district had originally a covering 
of loess, which seems to have reached to a height of 550 ft. and 
possibly more. Nor are we without corroborating evidence. On the 
hill between Crowhurst and Highfield there is a bare plateau of 
Kentish Rag, 344 ft. above O.D. and 144 ft. above the Shode. 
In passing by, Mr. Harrison informed me that in trenching or 
ploughing the fields a number of fissures or pipes of a red clay had 
been met with, while the Ragstone between them presented a bare 
surface. Now this could only have occurred by the surface having 
been originally covered by a uniform bed of clay or loess, which, 
as the Ragstone was rent or worn away beneath it by the passage 
downwards of the surface-waters, subsided into the cavities so 
formed, and was there protected from the denudation which subse- 
quently removed the exposed portions of the clay. It is a case 
analogous to the preservation of Lower Tertiary sands and clays in 
pipes on a bare Chalk surface, or to that of the Pliocene (Crag) 
beds on the Chalk-escarpment above Lenham*. For the denu- 
dation of such soft beds of brick-earth or loess, the rainfall, espe- 
cially if heavy and long-continued, as we have reason to suppose 
it was during the Pleistocene period, might have sufficed for its re- 
moval to a great extent, except in the more sheltered places, leaving 
the heavier flints, which it may have contained 7 situ, on the surface 
of the denuded ground beneath. No powerful denudation by large 
bodies of water, or otherwise, is needed to effect this object. It 
is one common to all time. 

A certain number of the third class of implements are found 
associated with the river-valley and hill drifts, and while some of 
them may be local and contemporaneous, others appear to be derived 
from an older drift. These are generally much rolled and worn, 
and present a marked contrast in make, colour, and wear to the 
other specimens with which they are associated; not but that we 
may find in any valley drift specimens showing equally great 
differences of wear caused by the shingle when drifting in the 
old rivers; but those to which I allude present other points of dif- 
ference, which induce me to think that they may be derived from 
older beds. The type of this class is that afforded by the specimens 
found at Ash, the bulk of which are, with a few exceptions, 
singularly rude, of a deep ochreous or brown colour, and generally 
rolled and worn. . They are like in colour, and some almost in wear, 
to the worn, brown-stained, flint débris by which they are accom- 
panied. Jt is important to note also, as affording a clue to the 

* Quart. Journ, Geol. Soe. vol. xiv. p. 322. 
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origin of these implements, that although found on the surface-soil, 
and associated with many comparatively unaltered Neolithic flints, 
a considerable proportion of these Paleolithic implements are studded 
on one side with small dark-brown concretionary incrustations of 
iron peroxide and sand (see Pl. XI. fig. 6). Many of the brown flints 
have also the same sort of incrustation. From this we may infer 
that both the flint implements and the flints have at one time been 
imbedded in a sandy, ferruginous matrix, just as the film of calcite on 
the under side of some of the St. Acheul specimens shows them to 
come from one of the seams of calcareous sand or chalky gravel 
common in the drift there, or as the ferruginous concretions on the 
Dunks Green specimens indicate their origin in that drift +. 

The Ash specimens are not scattered indiscriminately over the 
chalk plateau, but seem associated with the worn brown flints which 
here lie on the few acres of Tertiary sands and shingle immediately 
north of the church, or at South Ash on the “red clay with 
flints,” and would appear for the reasons aforesaid to belong to an old 
drift-deposit of which only the remnants now remain on the high 
summits of the chalk plain, the main body having been removed by 
denudation. Beyond these indications of its former position we 
have yet failed to detect the original beds; possibly they no longer 
exist an situ. 

Precisely similar specimens to the number of twelve or more have 
recently been found by Mr. Harrison between Romney Street and 
Bower Farm, near Kynsford, 34 miles west from Ash, and 520 ft. 
above O.D. They are there also associated with the brown-stained, 
subangular, and rolled flints, which there lie on a surface of red- 
clay-with-flints: they exhibit the same ferruginous incrustation, and 
are equally rude and misshapen in form as those of Ash. This 
locality possesses the additional interest that it overlooks the Darent 
valley with its Postglacial river-drift, and is nearly +00 ft. above 
the level of the river at Hynsford, and about 320 or 330 above 
that of the highest river-terrace drift, as shown in the following 
section (fig. 5) :— 


Fig. 5.—Section across the Valley of the Darent at Eynsford. (Length 2 miles.) 


N. 
Hynsford, 126 ft. Bower Farm. 
R. Darent. 420 ft. 530 ft. 


a. Alluvium. 6. River-drift with tooth of Mammoth. 

e. Red-Clay-with-flints, with an overspread of worn brown flints and rude 
flint implements. d, Chalk. 

* Highest level of the old River-terraces of the Darent. 


t+ A number of the component pebbles of this gravel have the same iron- 
peroxide concretiovary incrustation. 
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Still more remarkable is the Punish site, also on the “ red-clay- 
with-flints ;” but as only one rude flake has yet been found there, 
this find requires confirmation. This specimen was found by Mr. 
Crawshay at the contour-line of 600 ft., while the height of the 
Leybourne stream just below the escarpment is only 50 ft. above 
O.D., and that of the river-terrace about 80 to 100 ft. higher. 

A few implements of the same character as those of Ash 
have, as before mentioned, been found in the old river- and other 
drifts of Ightham. Several, for example, were found in the gravelly 
loam cut through by the railway at the foot of Fane hill, and in 
other parts of the Shode valley; these abnormal specimens are, L 
think, probably derived from this higher chalk-plateau drift. 


If we may speculate with the imperfect data before us upon the 
sequence of events, we find certain landmarks fairly well defined, while 
the relation between them is yet involved in much obscurity. That 
the drift-gravels in the Shode valley up to a height of 340 ft. above 
O.D. at Ightham, and of about 260 ft. lower down the valley at Ship- 
borne, may be referred to the ordinary valley-gravels of Postglacial 
age, there can be little doubt. It is also probable that the loess is 
the deposit from flood-waters, though it may be of different dates. 
Some of it may be referred to the Medway when it flowed at its higher 
levels, which Mr. Topley has shown to be 253 ft. at Starvecrow, 
near Tunbridge, and not less than 330 ft. lower down the valley 
nearer to Maidstone *. This latter is the highest level at which he 
records the Medway river-gravels+, and its flood-waters could 
hardly have reached very much higher. How, then, are we to 
account for drift deposits at the height of 550 ft. and more ? 

From the circumstance that the ‘“ river-drifts,’ connected with 
the early régime of the Darent, the Shode, and the Medway, do not 
in any case exceed from 300 to 340 ft. in height above the sea-level, 
and for other reasons before named, it does not seem possible to 
connect the isolated mounds of coarse gravel capping the hill at 
Highlands (388 ft.), at Belmont (420 ft.), and the flint-drift at Bitchet 
(530 ft.) and other places, with the action of these rivers since they 
have flowed in the present valley-channels. Whether or not those 
high mounds of drift-gravel were connected with some form of glacial 
action before the excavation of the present valley-systems of the 
Shode, I am not prepared to say, but I think it not improbable. 
The effect, from whatever cause, has been to carry the flints of 
the chalk, the flint pebbles of the Tertiary beds, and the stained - 
flint-drift of the Ash plain from off the chalk hills on to hills 
several miles south of the escarpment. 

The ‘ white flint-drift ” lying on the Gault in many places at the 
foot of the Downs, and of which a patch, before described, remains 
on the watershed between the Shode and the Leybourne stream, 


* “Geology of the Weald,’ pp. 178, 185. In the scanty patch of drift at 
the latter place Mr. Topley found a small flake, which has all the appearance 
of being of paleolithic age. 

+ This, however, may belong to the hill-gravels. 
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affords, however, better evidence of glacial action. This gravel, which 
consists in greater part of perfectly angular and unrolled white flints, 
with a few Tertiary pebbles, and occasionally with fragments of chert, 
is unstratified, and looks as though it had been forced down, irregu- 
larly as it were, into the underlying Gault, by pressure from above. 
The flints are often pitted or pock-marked. ‘The section, however, 
at Park-Farm brick-pit is small and insufficient. This gravel is 
better developed and possesses more distinctive characters in other 
parts of the Holmesdale valley, and I will therefore reserve the fuller 
account of it to a future occasion, when I shall be able to give more 
definite reasons for its origin. 

I showed *, many years ago, that the great trough or valley of 
Holmesdale, in which this drift has been deposited, is of more 
recent date than the extensive spread of “red clay with flints” 
which lies on the top of the chalk hills. Consequently the brown- 
stained flint-drift, which has now been traced to the edge of the 
escarpment, where, like the red clay, it suddenly ends, together 
probably with the associated rude flint implements, must also be of 
older date than the valley, and therefore anterior to the Postglacial 
‘‘river-drifts” of these tributaries of the Medway and the Thames 
valleys, which lieinthem. Ihave also shown 7 that there has been, 
at a time probably before that of the northern drift or Boulder-clay 
series, a drift from the south which carried the chert and ragstone of 
the Lower Greensand across the chalk-escarpment into the Thames 
valley—not in the line of the present river-valleys, but traversing 
the high chalk plain, and capping the summit of some of the higher 
hills in the London basin. Still it seems not to be universally 
distributed, but to keep to certain lines, springing from the lower, 
but still high, points or gaps in the chalk-escarpment ¢~. Amongst 
the drift-capped hills of the Thames valley is that of Swanscombe 
Wood, 53 miles north of Ash, and 306 ft.§ above O.D. It consists 
of an outlier of London Clay, with a capping of this southern drift, 
which there consists, according to a note I made some years ago 
of a small shallow section then existing by the Old Telegraph, of :— 


Tertiary flint pebbles (Woolwich beds). 
Subangular fragments of brown chert ... ] 
of bright red chert + Lower Greensand. 
53 $3 of yellow ragstone J 
Subangular flints, not coloured. 
Flints, much rolled and worn and stained deep brown. 
Green-coated flints (Thanet Sands). 


29 Pe) 


The above are placed in the order of their relative abundance. 
The brown and red cherts are from the Lower Greensand of the 


* “On the Origin of the Sand and Gravel Pipes in the Chalk,” &., Quart. 
Journ. Geol. Soc. vol. xi. p. 73 (1854). 

Tt Reports Brit. Assoc. York, 1881, p. 621. 

{ Thus far this brown flint-drift appears to be generally associated with rude 
flint implements; but the inquiry is yet new and needs more extended obser- 
vations. 

§ This is 220 ft. above the high-level terrace of implement-bearing river- 
gravel at Swanscombe. 
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Ightham (Oldbury) district. Now as similar subangular fragments 
of ragstone and Oldbury Stone are found scattered, in places, over 
the high chalk plateau of the Ash district, the inference is that 
when this Lower-Greensend débris spread over this area a con- 
tinuous plane descended from the high range of the Lower Green- 
sand down into the Thames valley, and that this valley has since 
that period undergone denudation to the depth of 300 ft. or more, 
and the tributary valleys in proportion. 

These physiographical changes and the great height of the old 
chalk plateau, with its “‘ red clay with flints ” and “ southern drift ” 
high above the valleys containing the Postglacial deposits, point 
to the great antiquity—possibly Preglacial—of the paleolithic 
implements found in association with these summit drifts. 


In connexion with the subject of all these drifts, another question 
suggests itself by the manner in which they are distributed. They 
are not, as we have seen, confined to the lower parts or river- 
channels of the valleys, but occur in them at all heights on their 
sides and on the adjacent hills. It is evident, from the mass of 
material, its weight, and the distances to which it has been carried, 
that the agencies by which its distribution was effected throughout 
not only the period of Postglacial work, but throughout the whole 
period of plain- or valley-excavation—whether fluviatile, marine, or 
glacial, or whether during Postglacial or antecedent times—were of 
far greater power than those operating under the present river 
régime, where such work is unknown. Consequently the attempt 
to measure or to infer the length of time required for the exca- 
vation of these valleys (and by inference of all the outer portion of the 
Weald) by the work done by present rivers, which possess no such 
transporting power, cannot but lead to a serious misconception of 
the antiquity of these valley-systems, and prejudice the discussion 
of the great stratigraphical problems relating to the antiquity of 
Man. I do not here raise the question of the mode of denudation, 
which has been largely treated of by Ramsay * and Topley +, but 
only that of its energy. Itis another illustration of a question L 
have often had occasion to raise. 

Although this inquiry tends to carry Man further back geologically 
than is generally admitted +, I would, for the reasons here given and 
others I have given before §, so close up the time required for the ac- 
complishment of these great physical changes that, instead of calling 
for more time, I believe that the commonly accepted Crollian chro- 
nology should be so curtailed that the age of Man would not exceed, 
or possibly not equal, that now claimed for him on that hypothesis- 

In any case it appears to me certain that the facts described 


* «The Physical Geology and Geography of Great Britain,’ 3rd edit. pp. 
336-346. 

t ‘The Geology of the Weald,’ Mem. Geol. Survey, 1875, chapter 16. 

{ Evidence to the same effect, but of a different character, has, however, been 
brought forward by several geologists. 

§ Quart. Journ. Geol. Soc. vol. xliii. p. 393. 
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carry back these rude works of early man to a period long anterior 
to the “ valley-gravels” formed under the present river régime ; and 
for reasons already given, but which I hope to develop more fully 
on a future occasion, they may, I think, prove even to belong to 
an early stage of the Glacial or Preglacial Period. The condition 
of the implements themselves is certainly in accordance with the 
assumption of extreme age, and they bear also the impress of a 
very primeval art. Many of them are merely rude flint fragments, 
very slightly fashioned ; others seem to be natural flakes just chipped 
onthe edges. Still they show workmanship, and there is a sufficient 
number of undoubted small pointed forms to corroborate the arti- 
ficial character of the whole. 

Before concluding I may mention that the paleolithie surface- 
flints in this part of Kent are by no means confined to the Ightham 
district. Mr. Montgomery Bell, of Limpsfield, has made a large 
and interesting collection of specimens found in the course of the 
last five or six years in the district at the head of the Darent 
valley*, and Mr. De Barri Crawshay, of Sevenoaks, has more recently 
found similar specimens in that and the adjacent central district. 
Of these more hereafter. 


EXPLANATION OF PLATES IX.-XI. 
Puate IX. 


Map slightly reduced from the l-inch Ordnance Map, retaining only such 
portions of the topography as relate to this paper and the contour-lines. The 
small figures give the height above the sea-level (Ordnance Datum). 

The distribution of the Palzolithic Flint Implements is taken from the large 
6-inch map, upon which each find is recorded by Mr. Harrison. The number 
of dots at each place only indicates their relative number. 

The drift beds must be taken with the reserve attached to them at p. 274. 
The boundaries are only given approximately. 

The boundaries of the several formations are taken by Mr. Topley from 
the Geological Survey Map. 

The extent of the Red-Clay-with-flints on the surface of the Chalk hills is 
also from the Survey Drift Maps. It includes the Red Clay and Brick-earths. 
The tinted surface gives the breadth of the channels occupied by the old rivers 
during their earliest stages. This may be somewhat broader than it should be, 
in consequence of subsequent denudation having thrown back some of the contour- 
lines. The heights to which the old river-drifts may have extended are limited 
to the heights to the watersheds. 


The small letters refer to the following places named in the paper :— 


a. Highfield. é. Rose Wood. i. Patchgrove. 
6. Fane hill. j. Broomsleigh. 7. Kalnfield. 

c. Bayshaw. g. Buckwell. k. Coneyfield. 
d. Styants Bottom. h. Tyers Knoll. 1. Kingsfield. 


* Mr. Bell informs me that his collection now consists of 179 whole 
or slightly broken implements ; 73 fragmentary implements; 65 fragments of 
implements, with over 100 flakes, These were all found within three miles of 
Limpsfield. 
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Puate X. 


Flint Implements of the higher or “ hill-drifts,” The specimens are all drawn 
of the natural size. The numbers in brackets refer to the numbers in Mr. Har- 
rison’s collection, 


Level. 
ft. 
Fig. 1 (71). A small pointed implement made from a dark brown drift- 
fit: Broomsleigh, near Chart’ Harm %:2.22---.s2s.s0c4-2-0eee eee 410 
2 (203). A rough flake showing on one side the natural surface of 
the flint ; worked at the edges and to a point: Bitchet ......... 520 
3 (128). A flake, showing bulb of percussion, trimmed at the edges: 
Bewley -:..csnseec0-setscecenteneabeoe secre eetede ses ee nee 420 


4 (134). A small creamy-white well-worked semi-ovoid specimen from 
the south-west side of Oldbury Hill. This is acommon form... 510 
5 (228). A bluish white roughly worked small pointed ovoid specimen 
from Ightham Knoll. Also a common form ..............02-20ee00 410 
6 (811). A round rough scraper, worked on one side, from Stonepit 
PUTIN Aocrcing cidaew gets esistssentnu'snsicp-acsiacie Sec Sates tosgte eet eee ee eee 380 
7 (165). A dark yellow, finely-worked, and perfectly uninjured pointed 
ovoid with a strong twest > Bewley ....2.2.2.02..220+--25+eee eee 420 
8 (Crawshay collection). A finely-worked, thin-pointed, lance-shaped 
specimen, from Seal Chart Common (see p. 285): white and 
brightly porcellaneous. It closely resembles a specimen from 
Warean’s Pit, St. Acheul, Amiens: the butt end is wanting...... 500 


Puate XI. 


Flint Implements of presumed Preglacial date from the high Chalk plateaux 
of Ash (A) and Bower Lane (B). These also are of natural size, except figs. 3, 
6, and 8, which are reduced by about 7. 


ft. 
Fig. 1 (884). “A rude flakejof brown flint. ((A.).2......20:.cescceea cesses 500 
2 (419). A roughly made implement of the spear-head type: dirty 
white, with edges iron-stained by plough. (A.)..........0.....0008- 
3 (455). A very rude dark brown roughly pointed and stumpy imple- 
ments! ((B.):biccticscc) lotr aeUe ph eesiiesecatapsaeclne haeees rr 520 
4 (464). A large natural flake worked at edges. (A.) ..............-00. 500 
5 (848). A flint pebble flaked on one side and slightly worked on 
edges, (As) icdcvciecesantensesbhestenc-cek- tee ee 500 
6 (393). A very rude pointed implement, with numerous iron-peroxide 
imerustations; (As) :1t. ich sewed hone scepiodes soe = toe tee 500 
7 (406). A very rude spear-head implement of brown flint, pitted, and 
with iron-peroxide incrustations. (A.) ........s.sseceeeeeeceeceeeeee 500 
8 (458). A rude flake implement worked on edges, made of a green- 
coated. flint, pitted and, worn: , (A.))\...2...% 22000: 02 eecssse>-o= seer 500 
Discussion. 


The PresipEnt expressed his pleasure at hearing a paper con- 
taining so careful a chain of reasoning. The large collection of 
implements from so small an area was remarkable. He asked 
whether the red clay might not be a subaerial formation, like the 
deposits formed in such dry countries as Central Asia. 

Dr. Evans congratulated Mr. Harrison on the discovery of the 
magnificent suite of specimens exhibited. The find was one of much 
novelty on account of the position of the implements, and the 
Author’s suggestions opened out new and original views There 
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were, however, one or two points on which he ventured to differ 
from his old master. He alluded to the enormous amount of change 
which had affected the ancient land-surface since the implements 
were formed. At that time the chalk-escarpment was further 
south. There must then, also, have probably been a greater rain- 
fall, which entirely altered the conditions in a district occupied by 
such porous rocks. If the east and west valley were filled up to 
the extent of 200-800 feet, there would even now be streams run- 
ning from the north where there are dry valleys. He believed 
that at an early period the gap through which the Darent flowed 
north did not exist, but that water ran through the east and west 
valley. 

The change of drainage could readily be accounted for if we ac- 
cepted the proposition that a river In excavating its valley might 
intersect the source of another stream. If all this were accepted, 
we might in a great number of cases associate the high-level drifts 
with fluviatile action. In what Mr. Alfred Tylor had called the 
‘‘ pluvial period,” a considerable number of sheets of water or lakes 
might also have been formed. He admitted the difficulty of associ- 
ating the deposits with any eaisting water course. On the chalk- 
downs the red clay was the result of atmospheric denudation. 
Regarding the Currie-Wood drift, which he had described, he still 
believed that it might have been formed by a stream running north- 
ward. He agreed in the main with the Author’s views, but did 
not accept the classification of the implements into three types, 
except in so far as they were affected by the matrix. In general 
form the facies of those from Ash reminded him of a small col- 
lection from the gravel of Reading, south of the Thames, from which 
the good specimens, if any, had beenremoved. Mr. Bell’s discoveries 
near Limpsfield were also of great interest. When called upon to 
correlate these Kentish beds with those of the Glacial period, he 
could not go so far as the Author. He was glad to hear that Prof. 
Prestwich had more papers to bring forward, and till then he 
would suspend his judgment as to chronology ; as regards closing up 
time, he thought the Author had used some very doubtful expres- 
sions. When we find valleys over a mile wide and 120 feet deep, 
as at Caversham, and traces of old river-valleys on the site of the 
present Solent, all cut out since paleolithic times, even allowing for 
an excessive power in the denuding agents, the subsequent changes 
must have occupied an enormous lapse of time. 

Mr. Torrey said that Dr. Evans had well expressed the obli- 
gations which the Society were under to Jocal observers. 

In the area described they had evidence of the extreme antiquity 
of certain deposits, as shown by the geological evidence. 

In the Somme area the gravels were in the actual valley, and the 
general explanation of their formation—the gradual excavation of 
the valley, and the greater antiquity of the higher terraces—was 
sometimes disputed ; but at Ightham it was impossible to bring for- 
ward the ordinary objection, for gravels capped the tops of the water- 
sheds. As regards the position of the patches of gravel at Penenden 


296 PROF. J. PRESTWICH ON THE OCCURRENCE OF 


Heath, we must assume that the chalk-escarpment, as Dr. Evans 
had stated, did not occupy its present place, so that not only had 
a considerable valley been excavated by small streams, but the 
chalk-escarpment had itself receded considerably more than a mile. 

He had found a flake in a gravel-pit at East Malling Heath 25 
years ago, at a time when nothing of the kind was known in the 
district; this gravel lies 300 feet above the Medway. It occurred 
to him that many of the implements lying on the chalk might 
originally have been dropped there. 

Whatever might be the origin of the gravels on the Lower Green- 
sand on the watershed, it is certain that one could, in the Wealden 
area, work out with extreme accuracy the relationship of the 
ordinary gravels to the beds from which they had been derived; of 
this he gave examples, showing how one could sometimes even trace 
the point of junction of two streams flowing over beds of different 
lithological characters, and so bringing down different materials. 

He described the general distribution of the gravels in the north- 
eastern part of the Wealden area, showing from their composition 
that they were formed by streams flowing in the same general 
direction as the existing streams; the gravels on the east and west 
sides of the Medway-“ gorge” through the Greensand-escarpment, 
and also on the east and west sides of the Stour-“ gorge” through 
the chalk-escarpment, differ so widely in character, that they cannot 
be explained by any old river flowing from west to east. 

Dr. Hicks was not acquainted with the district, but the Author 
had brought forward evidence which it was extremely difficult for 
those who still contended against the glacial or preglacial age of Man 
in Britain to overcome. He asked why the implements or the 
upper ridges were rolled. He believed that at the time they were 
deposited the country formed a plain, and that the evidence pointed 
to floods coming from melting ice. 

Mr. Wuiraker commented on the number of implements as indi- 
cating a populous condition of our country. He also insisted on 
the importance of collecting implements in all states of imperfection. 
Great caution was needed in attempting to correlate the Drifts of 
Southern England with those of other areas. There was no evidence 
of the existence of Glacial Drift south of the Thames, though such 
occurred immediately to the north of it. A large number of the 
“finds” occurred on the surface, which materially altered the evi- 
dence furnished by them. One could not argue as to the age of an 
implement, unless found in gravel. When the chalk-escarpment 
occurred at a higher level southward, the springs would also be 
higher. He was glad to have heard the Author refer to gravels of 
doubtiul age and origin; there were many such, in some of which 
he would be much surprised to find implements. That at Swans- 
combe Wood was probably older than the Boulder-clay, though 
whether older than other glacial deposits he could not say. The 
term “‘ preglacial” had been used very vaguely, was objectionable, 
and ought to be dropped. 
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Mr. Harrison invited Members of the Society to visit the area 
and examine the district. 

Mr. J. Arten Brown agreed with the President as to the subaerial 
origin of some high-level drifts. He believed that many of the Old- 
bury-Hill implements were late paleolithic forms. In the Thames 
valley the height up to which the implements were found and their 
relation to glacial deposits showed that man then lived in near 
proximity to the ice. 

The AvurHor, in reply, regretted that he must disagree with Dr. 
Evans as to the flow of the rivers in the direction which he had 
suggested *. With regard to the erosion of valleys in the Chalk plains 
we did not find implements of the clumsier type in the valleys, 
except under such conditions as to suggest their washing down, but 
on a plateau with the red-clay-with-flints. 

He drew a section showing the clay-with-flints ending abruptly 
against the valleys in which the Postglacial drifts were found. 
This high-plateau drift could only have been formed when the Chalk 
extended much further south, as the drift had been derived partly 
from the denudation of the Lower Greensand. Some of the pheno- 
mena seemed to him to be explicable only by ice-action. The im- 
plements from Ash were rare and extremely rudely fashioned ; many 
of them showed incrustations of oxide of iron and sand, which could 
only have been formed when they were imbedded in sand. 


* (Mr. F. C. J. Spurrell has suggested that the Darent during its earlier 
stages rose in the central Weald, aud flowed through the Shode valley at 
Plaxtol, and thus originated the high-level or hill drifts of that valley. One 
objection, amongst others, to this view is that this high-level drift contains no 
Wealden débris, whilst, on the other hand, it consists of Tertiary, Chalk, and 
‘Lower Greensand débris, all having a transport of from north to south. ‘A 
Sketch of the History of the Rivers and Denudation of West Kent,’ p. 11 
(Greenwich, 1886).] 
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17. On a TacuytytE associated with the GasBro of CaRrock FELL 
in the Laxs District. By Tueo. T. Groom, Esq., B.Sc., Scholar 
of St. John’s College, Cambridge. (Read December 5, 1888.) 


(Communicated by Prof. T. M¢K. Hueuzs, M.A., F.G.S.) 
[Puate XIT.] 


Wuuitst engaged in studying the igneous rocks of Carrock Fell I 
observed a peculiar vein of tachylyte traversing the gabbro close to 
the point at which the latter passes into the granophyre *. The vein 
is about an inch thick, and shows well-marked flow-structure parallel 
to the sides. The centre of the vein is of a pale greenish colour, 
and shows spherulitic structure, while on each side is a purplish- 
grey zone. ‘The rock shows a horny or subvitreous lustre, weathers 
to a yellowish-brown tint, and is slightly magnetic; under the 
blow-pipe splinters fuse readily to a black enamel; the hardness is 
about 63. The specific gravity of the whole rock is 2-99, while 
that of the central zone is 2°95. The average density of basalt- 
glasses is, according to Messrs. Judd and Cole, about 2-7, that of the 
Scotch varieties varies from 2°72 to 2°89. The specific gravity of 
Carrock-Fell rock, it will be seen, considerably exceeds the heaviest 
of them, but appears to approach that of the continental variolites, 
such as those of Durance f or Jalguba ft. 


Chenvical Composition. 


An analysis of the rock has been kindly made for me by Mr. A. 
R. H. Adie, B.A., of Trinity College, Cambridge. The composition is 
given below :— 


iB 1, Tag. FV. 

AO eid 2 2082 53°63 51°66 oo'Z 51:42 
Os gris ie trace she sty 

AO te 24s oe 15°93 10:34 8:7 15°39 

BesOnnoe..c 2 20:00 23°33 21°8 ae 
BeEOd eva ak sis ie bes 21:04 

MnO wet trace. 0°34 ai a 
CaO sneer: 7:88 6°66 10°3 4-09 
MeQ argu 2. 0-78 67 ae 3°68 
Ke Oy cists is 0°50 oe } 1-2 1-07 
Na2O a csees 4°48 < 2°37 
Oe. ...  e0G 3°00 4] 0-55 
103°76 97:00 99°3 99-61 

I. Carrock-Fell tachylyte. III. Basalt of Mt. Gravenaire in Auvergne. 

II. Basalt of Beaulieu. IV. Basalt of Steinsberg, near Sinsheim, in Baden. 


* Clifton Ward, Quart. Journ. Geol. Soc. vol. xxxii.; and Teall, ‘ British 


Petrography, p. 178. 
t+ Michel Lévy, Bull. Soc. Géol. Fr. (8) v. p. 248. 
{ Tschermak, Mineralog. und petrogr. Mittheilungen, vi. pp. 294, 295. 
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The percentage of silica places the rock high up in the basic 
series. It appears to have most affinity with the more acid basalts 
and with the augite-andesites; this agrees with the conclusions formed 
from microscopical and other evidence, as wellas with the fact that the 
rock is associated with the Carrock-Fell gabbro, which, according to 
Mr. Teall *, is the plutonic representative of the andesitic dolerites. 
The percentage of iron is unusually high, but is parallelled by some 
continental basalts, analyses of which (taken from Roth’s ‘ Gesteins- 
analysen ’) are given above. 


Microscopic Characters. 


Under the microscope the rock resolves itself into a ground-mass 
of varied constitution, in which are imbedded a limited number of 
small porphyritic crystals or crystal groups. ‘These consist mainly 
of felspar; augite and quartz are less common, and magnetite (?) 
is rare. 

The Félspars are present both as skeleton-crystals and well- 
developed individuals showing the usual form of plagioclase y. All 
stages between these two forms are observable. Polysynthetic 
twinning is common. Occasionally well-formed crystals are honey- 
combed by a network of glass-inclusions. 

The Augite is almost colourless, and gives the usual eight-sided 
sections. Prismatic, ortho- and clinopinacoidal cleavages are present. 
The angle of extinction is about 39°. ‘Twinning parallel to the ortho- 
pinacoid occurs. 

The Quartz is bounded in part by definite crystalline faces, and 
includes trains of vesicles with moving bubbles. No indications of 
corrosion by the magma are observable. In one case triangular 
wedges, apparently of quartz, and closely similar to those of the 
micro-pegmatite of the neighbouring granophyre, occur in the 
spherulitic ground-mass in the midst of a group of porphyritic 
felspars. Such wedges do not appear to have been observed 
previously in a glass-basis. 

The ground-mass consists of a glass-basis containing globulites, 
crystallites, minute crystals, and granules. The glass is of an olive- 
green colour, and for the most part undevitrified. Distributed 
through the glass is a series of greenish-brown or reddish granules 
and minute crystals, evidently of augite. In the smallest of these 
the double-refraction is very feeble, while the larger polarize 
brilliantly. The granules may be diffused or collected into grano- 
spherites and belonospherites, or they may be united into small 
polysomatic grains, which, for the sake of brevity, may be termed 
glomerites ; and these, like the simple granules, may enter into the 
composition of spherulitic bodies, and when they predominate, as is 
very commonly the case, the term glomerospherite may be applied to 
the aggregate. ‘These forms pass imperceptibly into one another. 

* Op. cit. p. 178. 

T Unaltered crystals are not sufficiently common to determine the true 


extinction-angles; but the few observations that were possible pointed to 
anorthite as the probable species. 
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The spherulites are generally surrounded by a clear, sharply defined, 
isotropic shell. Some of these granular forms closely resemble 
those of the variolites of Durance. In the occurrence of augite in 
‘a spherulitic form the Carrock Fell rock approaches the diabase- 
porphyrites and variolites. As in the variolites, the sides of the 
vein and the porphyritic crystals have formed bases of aggregation 
for the granules. Owing to this tendency, which, according to 
Rosenbusch, is commonly met with in tachylytes and augite-porphy- 
rites, the central part of the vein has a very complicated structure. 
Minute granular pyroxenes have formed accumulations round every 
object in this zone, and have united into thick anastomosing bands, 
forming an almost isotropic orange-coloured meshwork. 

At the very margin of the vein the glass is clear, but soon becomes 
opaque, owing to. the appearance of vast numbers of globulites, 
cumulites, and margarites, probably consisting of a slightly titaniferous 
magnetite. 

In the substance of the pyroxene meshwork occur a number of 
small, somewhat irregular, spherulitic bodies. These consist of 
radially arranged fibres having ali the appearance of felspar. The 
fibres are generally accompanied by granules of augite and small 
deposits of magnetite. These deposits are often specially developed 
at the centre of the pseudospherulite, where they commonly form a 
dark nucleus, but may render even the whole spherulite opaque. 
The cross characteristic of true spherulites is absent. The fibres 
may be arranged in sheaves, the extinction-angle of which is nearly 
parallel to their length. It seems probable, from the optical 
properties of these spherulites, as well as from the analogy of the 
varioles of the Durance variolites, that the felspar is oligoclase. The 
spherulites have frequently formed round small felspars and skeleton- 
crystals, and like them are generally surrounded by a deposit of 
magnetite. Where the spherulites are particularly crowded together 
their individuality may be lost, and the whole field may be resolved 
into a cryptocrystalline aggregate of felspathic fibres, granules of 
augite and opacite showing a complicated arrangement. 

The latest development of the rock appears to be a number of 
close spherical granules of quurtz, which occur in the clear marginal 
strip. They often unite into groups and may thus form imperfect 
prisms and tabule. No liquid vesicles are present. Their late 
origin may be inferred from the fact that they occupy cracks 
traversing all the zones of the vein. They were evidently formed 
after the consolidation of the rock had proceeded sufficiently far to 
allow of the formation of fissures transverse to the direction of flow. 
The cracks have two directions, one series perpendicular, and the 
other parallel to the sides of the vein; they are apparently due 
to the shrinkage consequent on cooling of the vein. 


Probable Order of Consolidation. 


The first-formed constituents of the rock were the porphyritic 
crystals of the augite, basic felspar, vesicular quartz, and magnetite ; 
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these, together with the skeleton-crystals of felspar, belong to the 
intratelluric period of Rosenbusch. The later effusion-period appears 
to have commenced with the development of numerous granules and 
glomerites of augite, which were scattered everywhere through the 
eround-mass. Tbe concentration of these into granospherites &c. 
in the peripheral part of the vein was accompanied or even preceded 
in some cases by the separation of iron-ore ; but the deposition of 
the latter mineral was mainly associated with the development of a 
second generation of felspar of a more acid type than the first: 
these either formed spherocrystals or united into a complicated 
network of fibres. Simultaneously, or perhaps rather later, the 
pyroxene granules, glomerites, and glomerospherites collected along 
the margins of the vein and around crystals and other bodies. 
The rock was still fluid, for all the above structures have been 
modified by flowing of the mass: when the vein began to consolidate, - 
cracks starting from the sides traversed all the zones of the rock, 
and were filled up by the most acid portions of the magma, which 
were still in a liquid (or potentially liquid) condition; the last 
event was the development of a second generation of quartz in the 
form of clear rounded spherules devoid of vesicles. With the 
exception of secondary products in some of the felspars and augites, 
and the slight devitrification (?) of portions of the glass—“ meta- 
somatic”’ changes which were perhaps effected during the period 
when the gabbro and felsite were regionally metamorphosed—no 
appreciable change in the rock has taken place since Silurian or, 
probably, since Ordovician times. 


Relation to the Gabbro. 


Under the microscope the junction is seen to be somewhat ir- 
regular, the glassy magma of the tachylyte penetrating into bays 
and fjords in the gabbro; the line of separation is nevertheless 
perfectly sharp. Where the glass penetrates deeply into the gabbro 
it frequently follows the boundaries of the crystals of the latter, 
having apparently in such cases simply occupied the space of dis- 
lodged portions. Some of the angular fragments of felspar and 
augite in the glass may represent such pieces broken off and floated 
away; they never merge into the glass, and discountenance the idea 
of any assimilation having taken place. This is in harmony with 
the absence of any corrosive effect on the crystals of the glass, for 
these seem to be to a large extent the same as those of the gabbro. 

At first I supposed the tachylyte to be of later date than the 
gabbro; but microscopical examination shows such close minera- 
logical relations between the two rocks that I can only suppose them 
connected at some point*. An analysis of the gabbro given by 
Mr. Clifton Ward ft would seem not to support this conclusion ; but 


* The gabbro contains quartz, plagioclase, augite (with prismatic and pina- 
coidal cleavages), and magnetite or ilmenite, and, in addition to these, diallage, 
which seems to be the only important mineral not found in the tachylyte. 

tT Quart. Journ. Geol. Soe. vol. xxxii. p. 24. 
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the point at which the rock analyzed was taken is at a considerable 
distance from that at which the tachylyte occurs, and that the rock 
must vary greatly in composition is shown by the fact that all 
transitional stages can be observed between the acid granophyre 
and the basic gabbro at this point. 

It seems probable that the tachylyte represents a portion of the 
gabbro which remained liquid after the rest had consolidated, and, 
upon fracture of the latter, was injected as a thin sheet into it. 


Age. 


The evidence as to the age of these associated rocks is unfor- 

tunately unsatisfactory, but the following considerations bear on the 
oint :— 

; The gabbro, in places, shows distinct foliation-banding (flaser 
structure) * and appears to have undergone regional metamorphism. 
The strike of the foliation agrees with that of the neighbouring 
interbedded volcanic series, and it is probable that the movements 
which resulted in giving the rocks of the Lake district a W.S.W. and 
E.N.E. strike caused the foliation of the gabbro. The latter, accord- 
ingly, already existed in Devonian times, and if really intrusive in the 
Skiddaw slates must be of post-Cambrian age ; it is therefore probably 
connected with the eruption of the volcanic rocks of the district. Mr. 
Teall has, indeed, pointed out the resemblance of some of the Carrock- 
Fell rocks to the Eycott-Hill lavas, and has suggested that the 
former may be the plutonic representatives of the lattert. The 
tachylyte is, then, probably of Ordovician age, and, with the exception 
of the tachylyte observed by the Officers of the Geological Survey f¢ 
in connexion with the Archean basic rocks of the west of Sutherland, 
represents the oldest known British glassy rock of basic composition. 


Comparisons with other Basic Glassy Rocks. 


The low percentage of silica and the general agreement of the com- 
position of the Carrock-Fell rock with that of certain basalts; the 
great abundance of magnetite, of skeleton-crystals, and other develop- 
mental forms ; the minutely granular character of the pyroxene ; the 
tendency of the minerals of the effusion-period to group themselves 
round those of the intratelluric ; the high specific gravity, easy fusi- 
bility, and opacity, combine to place it among the basic glassy rocks. 

Among these it has affinities with the variolites of Jalguba § 
described by Loewinson-Lessing ||, and with other glassy forms 
associated with the more basic augite-porphyrites and augite-an- 
desites, and the more acid basalts. Points of resemblance to these 


* This was regarded by Mr. Clifton Ward as bedding. 

Tt Op. cit. p. 228. 

+ Quart. Journ. Geol. Soe. vol. xliv. 1888, p. 390. 

§ Rosenbusch points out that this rock appears to differ from the typical 
variolites of Durance, and appends it to the augite-porphyrites. See ‘ Mikro- 
skopische Physiographie der massigen Gesteine,’ p. 234. 

|| Tschermak, ‘ Mineralog. und petrogr. Mittheilungen,’ vi. p. 281. 
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rocks are the occurrence of minute granules and crystals of augite, 
of porphyritic crystals of felspar, augite, &c., and of felspar spheru- 
lites. The tendency of the iron-ore to collect round the skeleton- 
forms is well marked in the diabase-porphyrites. In the glassy 
character of the vein the Carrock-Fell rock resembles some of the 
glassy forms of augite-porphyrite and some basalt-glasses. 

But the rock to which the Carrock-Fell tachylyte most nearly 
approaches appears to be the typical variolite of Durance*. It 
agrees with this rock in the presence, nature, and behaviour of the 
varioles (spherulites), in the nature of the pyroxene-granules, and 
in the presence of a green ground-mass. An important difference, 
- however, from this type is the glassy condition of the ground-mass. 
This, in all typical variolites, is not isotropic, but contains numerous 
minute particles of chlorite, often associated with actinolite and 
epidote. ‘These Rosenbusch holds to be of secondary origin, and Mr. 
Cole has lately suggested that variolites are altered tachylytes f. 
The Carrock-Fell tachylyte seems to support these conclusions, the 
‘primitive glassy condition having been to a large extent preserved. 

There are, however, other points of difference which are original. 
Of these we may mention the frequent association of the variolites 
with magnetite, which often renders them more opaque than the 
surrounding ground-mass ; the occurrence of well-developed por- 
phyritic crystals of plagioclase, augite, and quartz, and of quartz- 
spherules in the ground-mass ; the mode of occurrence of the rock ; 
and its association with a quartz-bearing gabbro. 

The Carrock-Fell rock is thus referable to none of the species of 
tachylyte hitherto described, and may perhaps be regarded as a 
quartz-gabbro-vitrophyrite. 


Conclusions. 


The Carrock-Fell tachylyte is a basic glassy rock associated with 
a quartz-gabbro, and consisting of a well-preserved, globulitic, and 
erystallitic glass-basis containing spherical granules of quartz, sphe- 
rulitic felspars, and a series of pyroxene-granules and granular 
ageregates, which likewise frequently assume a spherulitic form. 
It is rendered micro-porphyritic by the sparing development of 
erystals (or skeleton-crystals) of quartz, felspar, and augite. Owing 
to the mode of development and to the variety of its constituents it 
possesses a very complicated structure. It shows resemblances to 
the glassy forms (variolites) associated with euphotide, and to those 
associated with less deeply seated basic rocks. 

In conclusion, I must express my best thanks to Messrs. Hill and 
Bonney for the loan of specimens and slides of variolite, to Messrs. 
Judd, Cole, and Davies for opportunities of examining specimens of 
variolite in their museums, and to Mr. Harker for several useful 
suggestions as to the mode of investigating the rock. 


* Rosenbusceb, op. cit. p. 227. 
t Quart. Journ. Geol, Soc. vol. xliv. p. 307. 
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EXPLANATION OF PLATE XII. 
Tachylyte from Carrock Fell. 


Fig. 1. Marginal portion of the vein, showing crystals of felspar, quartz sphe- 
rules, glomerospherites, and granules of pyroxene, imbedded in a 
green glassy basis. x 110. 

2. Central portion of the vein showing spherulites and skeleton-erystals of 
felspar imbedded in an orange-coloured network of finely granular 
pyroxene, in the meshes of which the green glassy ground-mass with 
dark pyroxene-grains is seen. xX 48. 


Quart.Journ. Geol. Soc Vol. XLV. Pl. IT 
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18. Notes on the Guotocy of Mapacascar. By the Rev. R. Baron, 
F.LS., F.G.8. Wath an Avprnpix on the Fosstis, by R. B. 
Newton, Esq., F.G.S. (Read March 6, 1889.) 


[Communicated by the Director-General of the Geological Survey. | 
[Puatns XIII. & XIV. ] 


GENERAL DESCRIPTION. 


Manpaeéascar is as yet almost a terra incognita to the geologist, 
nothing, so far as I am aware, but notices of the most fragmentary 
kind ever having appeared in regard to its geological features * ; 
and, indeed, until the country is surveyed by competent men, we 
must be content with descriptions of the most general character. 
In the absence of something more complete, I present the folowing 
notes, drawn up from personal observation, to which I have added 
here and there a few remarks taken from other sources, as a slight 
contribution to our knowledge of the geology of this great island. 
The central portion of Madagascar is generally regarded as consist- 
ing chiefly of granite. Mr. Wallace, for instance, in his ‘ Island Life’ 
(p. 384), says of it: ‘ A lofty granitic plateau, from 80 to 160 miles 
wide, and from 3000 to 5000 feet high, occupies its central portion, 
on which rise peaks and domes of basalt and granite to a height of 
nearly 9000 feet ;” and in the same book there is a physical sketch- 
map in which the whole of the interior of the island, from about 14° to 
23°S. lat., is represented as an “elevated granitic region.” Now if 
we use the terms “ granite”’ and “ granitic” in a wide and popular 
sense, and include in them the various members of the crystalline 
series of rocks, the description may be regarded as correct; for by 
far the greater part of the eastern half of Madagascar consists of 
gneiss and other crystalline rocks, though gneiss very largely pre- 
dominates. Granite occurs frequently in the form of bosses and, in 
some places, apparently intercalated with the crystalline schists ; 
diorite is also frequently met with, but gneiss is certainly the pre- 
vailing rock. The area occupied by these crystalline rocks, though 
not precisely known, reaches on the east as far as the coast; on the 
west it extends, in some places at least, as far as 46° E. longitude + ; 
and it runs in a northerly and southerly direction from about 13° 50’ 
to 24°S. latitude. In other words, the region occupied by these crys- 
talline (chiefly metamorphic) rocks has a length of about 730 miles, 
and an average breadth of probably not less than 150, being a total 
area of over 100,000 square miles. Indeed it is not at all improbable 
that the area may cover as much as 130,000 square miles. Fully 
a half of the island, therefore, and that the eastern half, consists of 


* The MS. of the present paper was prepared long before Cortese’s contribu 
tion in the Bollettino del R. Com. Geol. 1888, Nos. 3 & 4, was published. 
T Its most westerly limit is probably about 45° 50’. 
Z2 
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great and monotonous stretches of gneiss, interspersed here and 
there with other metamorphic rocks, and occasionally granitic 
bosses, basaltic masses, and volcanic cones. 

The strata have been plicated by lateral pressure into numerous 
anticlinal and synclinal folds or mountain-waves, the dominant axes 
of which, as also the strike of the rocks of which they are composed, 
run about 15° to the east of north, or in a direction parallel with 
the eastern sea-board, and also corresponding with the longitudinal 
axis of the island*. Hence the roads from Central Madagascar to 
the east run over an endless series of more or less parallel hill-ranges, 
while those to the north and south pass along valleys or compara- 
tively level country. These mountain-waves attain their highest 
elevation at a distance of about 60 or 70 miles from the east coast, 
where they run in a linear direction nearly north and south for 
probably 800 miles or more. Here is situated the great watershed 
of the island, and from here also the folds of rock gradually dwindle 
into undulations of smaller dimensions, until finally they disappear 
below the Indian Ocean on the eastern side, and on the western 
pass under Secondary and Tertiary formations, of which something 
will be said by and by. 

The great dorsal ridge which forms the watershed of the island 
consists of gneiss, with a dip towards the west at an average angle 
of probably 30°; for a great part of its course the ridge has on its 
eastern side a steep declivity of about 1500 feet. About 20 or 30 
miles east of that portion of the ridge which bounds Imerina there 
runs for some distance another ridge more or less parallel with it, but 
with the dip of the gneiss apparently to the east, and between the 
two ridges there is a more or less level plain or valley, which 
extends, with few interruptions, for about 130 miles, the southern 
half being known as Ankay, and the northern as Antsihanaka. 
This longitudinal valley has served as a receptacle for the accumu- 
lation of water and detritus, brought down chiefly from the high 
ground to the west, in fact it has formed the site of a lake. In 
an article in the ‘ Antananarivo Annual’ for 1885 I made the 
following remarks with regard to this great valley :—“ The largest 
plain in Central Madagascar is that of Ankay.. . . This plain, now 
cut and scored by the river Mangoro and its tributaries, forms the 
bed of an ancient lake, which once extended for a distance of pro- 
bably 30 or 40 miles, running in a direction north and south between 
two lines of hills. Alaotra in Antsihanaka (about 20 miles long by 
4 or 5 wide) is perhaps the remnant of this ancient lake or, at any 
rate, one in serial connexion with it.” ‘Towards the end of the year 
1886 I passed through the plain of Antsihanaka, and found that, not 
only were my conjectures correct with regard to the former exten- 
sion of the lake, but that the reality far exceeded even my conjectures. 
In fact I discovered undoubted evidence that this ancient sheet of 
water originally reached at least as far north as latitude 15° 30’ in 


* Tt is of interest to note that the dominant strike of the crystalline schists in 
Eastern Africa is more or less parallel with that of the same series of rocks in 
Madagascar. 


GEOLOGY OF MADAGASCAR. 307 


the district of Androna; how much further north I cannot say. 
And as its southern extremity extended to about latitude 19°, its 
total length has once exceeded 200 miles. Its breadth, however, 
has been small compared with its length, averaging probably from 
20 to 30 miles. Lake Alaotra is situated in the deepest part of this 
ereat longitudinal trough, and is 2600 feet above the sea. It is a 
shallow sheet of water almost adjoining the eastern range, with 
weeds reaching to the surface almost throughout its whole extent, 
and, I may add, literally alive with water-fowl. To the north-east 
of Mandritsara there is another small sheet of water; this is pro- 
bably also a remnant of the same ancient lake. 

At a slight elevation above Lake Alaotra, on the southern and 
western sides, there is an extensive marsh, succeeded a little higher 
by a marginal plain. Above this, again, level surfaces at various 
heights may be observed, showing how far the water has once ex- 
tended. Against the western hills, however, old lake-terraces, several 
hundred feet high, may be distinctly traced ; and away again to the 
north of Antsihanaka there may be seen numerous old lake-bottoms, 
containing rounded, water-worn, quartz pebbles and small iron 
nodules. Indeed I traced these old lake-bottoms to over 100 miles 
north of Lake Alaotra, and found that one of them actually reached 
to the astonishing height of 1140 feet above the surface of the 
existing lake. They were to be seen also at various intermediate 
elevations. The highest and therefore the longest exposed of these 
lake-bottoms were so much worn by denudation as to be almost un- 
recognizable, but the existence of numerous water-worn pebbles 
and, in some places, of deposits of iron ore, bore witness to their 
character. 

About 15 or 16 miles to the south of the town of Mandritsara 
there is an abrupt break in the western hill-range, the northern end 
of it forming the mountain of Ambiniviny, which rises as a magni- 
ficent precipice to the height of about 2000 feet above what may be 
called the Mandritsara valley. This precipice is continued for some 
miles in a semicircular form in a north-west direction. | 

The old lake-bed runs past Ambiniviny somewhat to the east of it, 
but in its northern prolongation occupies high ground, and is not so 
distinctly hemmed in by hill-ranges; indeed on its western edge, 
which is about 3000 feet above the sea, there is a steep descent of 
nearly 2000 feet into the Mandritsara valley. Moreover the old 
lake-bottom is here about 300 feet lower on its eastern side than on 
its western. In some parts of the beds east of Mandritsara there 
are very numerous tubular burrows, from 4 to ? inch in diameter 
and a foot or more long. These are filled with ruler-like hardened 
earth, which may be taken out in cylindrical pieces. Have these 
been the homes of some burrowing animal ? 

Four or five years ago I found imbedded in some ochreous iron- 
stone in the Ankay part of this old lake-bottom (for bog-iron ore 
abounds in it) a goodly number of fossils, being chiefly the stems of 
what were probably species of Cyperus, leaves, and a depresso-globose 
fruit about the size of a marble, five-celled and five-seeded. In some 
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portions of the rock the fossils of leaves were exceedingly numerous, 
one of which I recognized as that of Calophyllum parviflorum, Bojer ; 
and another, judging from its veining, seemingly belonged to the 
Natural Order Melastomaceze, and not improbably to the genus Medi- 
nilla. These had been washed down into the lake from the forest 
on the western hill-range, where to this day the former plant, as 
well as various species of Medinilla, are still found. 

It remains only to add with regard to this old lake-bed that it 
has been considerably worn by various rivers and streams, notably 
the Mangoro in Ankay, and the Mandremoka in east Androna, into 
_ a system of hills and valleys, many of the latter being now well 
wooded, so that its original features have become, in many places, 
so effaced as to be almost unrecognizable. 

At Antsirabe, about 40 miles south of the capital, there is the 
dried-up bed of another ancient lake, but of much smaller dimen- 
sions than the one described above. As there are extinct volcanoes 
near, this ancient lake may not improbably have owed its existence to 
former volcanic action. It was in the bed of this ancient lake that 
Dr. Hildebrandt a few years ago discovered the semifossilized bones 
of a Hippopotamus, which is now extinct in Madagascar, but which 
was probably in existence at no very remote period, since there is 
still a native name for the animal (Zalomena). Whether this is 
the same species of Hippopotamus (H. Lemerlei) as that found by 
M. Grandidier in the south-west of the island, I cannot say, but 
not improbably it is. In some places, where the streams have 
excavated the dried-up bed of this ancient lake, there may be seen 
layers of lapilli and volcanic sand. 


CRYSTALLINE Scuists, &c. 


I have said above that the dominant strike of the crystalline rocks 
is about 15° to the east of north; but we naturally expect to meet 
with local variations in a country which has been subject to such vast 
disturbances as Madagascar, and these we find. For instance, a few 
miles north and north-west of Antananarivo, the strike and direction 
of the hill-ranges (Andringitra, Ampananina, &c.) is mainly east and 
west, with the dip towards the north at an angle of about 35° or 40°. 
These ranges apparently commence somewhere in the neighbourhood 
of Ambohimanga, and run west for a distance of 60 or 80 miles. 
In one part of their course the strata become vertical or nearly so; 
this occurs a little to the north-west of Ambohibeloma, where there 
is a sharp ridge or series of ridges, the highest of which forms the 
mountain of Ambohitrondrana, 30 or 40 miles W.N.W. of Antana- 
narivo. 

In some localities these ridges of gneiss, in consequence often of 
the tilting of the strata at a high angle, present remarkably jagged 
and serrated outlines, and are striking in their grandeur. This is 
specially true of the mountain of Vavavato, about 60 miles to the 
south-west of Antananarivo. 
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The gneiss *, in many places, is of so highly metamorphosed a 
character that, at first sight, one would conclude it to be granite ; 
but an examination of other portions of the mass soon reveals its 
nature. In and about the capital, for instance, the gneiss, which 
is hornblendic, is generally so highly metamorphosed that, without 
due care, its real character may be overlooked, as, indeed, is shown 
by the fact that it is almost always spoken of as granite. It may be 
called granitic gneiss. Still the rock, in certain parts of the island, 
even where comparatively large sections are exposed to view, pre- 
sents such a massive character, not having even the slightest trace 
of foliation, that, could one feel sure that its texture were the same 
throughout the mass, one would unhesitatingly speak of it as gra- 
nite. Frequently the rock appears as though it were very slightly 
streaked, and may be called granitic gneiss. 

The gneiss, being so abundant and covering such a wide area, is, 
as might be expected, various in texture and mineral composition. 
For many miles round the capital it is chiefly of a greyish or bluish 
eolour, while in the mountains of Antaramanana and Vayavato and 
other places it is reddish or pinkish, owing to the flesh-coloured 
orthoclase contained in it. A great deal of it, moreover, is horn- 
blendic, while in some districts, notably about Lake Itasy, it 1s 
garnetiferous, the garnets belonging to the species almandine. 
They are of the kind known as Cape garnets, but are of no com- 
mercial value. As for the mica contained in the gneiss, it seems to 
be chiefly biotite. Muscovite, however, exists abundantly, and may 
be sometimes found in plates several inches in length. 

The most abundant of the accessory minerals existing in the 
gneiss is probably magnetite. This is found in such quantities in 
certain localities as to render observations taken with the prismatic 
compass totally unreliable. In the part of the country east of 
Imerina known as Amoronkay, which is on the western flanks of 
the great hill-range spoken of above, this magnetic iron is specially 
abundant. Itis here that the natives, after separating it from the 
gangue by washing, work it in their rude way, manufacturing chiefly 
spades, which are taken for sale to various parts of the island. It 
is also worked in the same way in Eastern Betsileo, the beds 
there being probably only a continuation of those at Amoronkay. 
Abundance of magnetite is also found a little to the west of Ambo- 
hibeloma (near the village of Anjamanga), about 40 miles to the 
west of the capital; at Ambohitrandraina hill and Ambohimanoa 
mountain, ten or a dozen miles to the north-west of the capital; 
in Antsihanaka, to the north of Lake Alaotra; and in many 
other places. Indeed there are many localities where it is so abun- 
dant that, were there coal to be found anywhere in its neighbour- 
hood, it might be expected to form at some future day a great 
source of wealth. It exists,in fact, in grains in the rock, in greater 
or less proportion, throughout the whole of the area occupied by the 
gneiss, and by its oxidation imparts the red colour to the soil. In 


* A petrographical description of several varieties is given in the accom- 
panying paper by Dr. Hatch (pp. 340, 341). . 
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some places nodules of this magnetite are found almost as large as 
one’s fist. In certain localities, notably in West Valalafotsy, the 
country is covered with innumerable pebbles composed of quartz 
and magnetite, so much so, indeed, as to render walking difficult. 
Sometimes one may meet with a kind of ferruginous conglomerate, 
formed by the percolation of water charged with iron through sand 
and pebbles. This conglomerate may often be seen by stream-sides ; 
but in some places away from streams it is found in considerable 
quantity. In the valley between the villages of Isoavinimerina 
and Ambohimandray in Imerina there is a bed of pisolitic iron-ore, 
which the natives know as tai-mamba or taolan-tany (“crocodile- 
dung,” or “ bones of the earth”). 

Iron pyrites also exists as an accessory mineral in the gneiss. 
This may frequently be seen in small glittering specks in freshly 
fractured surfaces of the rock. Large cubical crystals are found in 
certain localities. Molybdenite is also an accessory mineral occa- 
sionally to be met with in the gneiss. 

In descriptions of the central provinces of Madagascar we not 
unfrequently see it stated that there exist extensive deposits of clay. 
Dr. Mullens, for instance, in his ‘Twelve Months in Madagascar,’ 
several times mentions such deposits. In ‘The Great African 
Island,’ too, it is said:—‘ A very large extent of this portion of 
Madagascar is covered with bright red clay through which the 
granite and basaltic rocks protrude.” The same statement is re- 
peated in Mr. Shaw’s book, ‘ Madagascar and France.’ This clay, 
however, is merely the decayed rock, chiefly gneiss, reddened with 
the oxidized magnetite above alluded to; and from the fact that 
foliation of the gneiss is not always entirely obliterated in the de- 
cayed portions of the rock, Dr. Mullens has been tempted to call it 
“sedimentary clay.” This decay or weathering of the rocks has, in 
some places, reached an enormous depth. In one locality north of 
Andringitra I found that the gneiss had decomposed into clay to a 
depth of 180 feet. It is owing to this decomposed condition of the 
rock that the heavy rains in the wet season scoop out those deep and 
unsightly ravines in the hill-sides which are so common in the inte- 
rior of the island, and which are occasionally used as cattle-pens by 
fencing in the lower end. This weathering, moreover, explains the 
occurrence of those large “ boulders” which may frequently be 
seen, even on hill tops, and which have been more than once con- 
sidered as erratic blocks due to glacial action, but which, of 
course, are merely masses of hard rock rounded by weathering that 
have hitherto resisted decomposition. It may perhaps be worthy of 
notice that the gneiss, a little to the north of Marotandrano, in the 
district of Androna, weathers, in some places, into spheroidal forms 
of a foot or more in diameter. 

The other members of the crystalline schists are of much less 
frequent occurrence than the gneiss, and as yet comparatively little 
is known either as to their locality or their exact mineral character. 
Such data, however, as I have been able to gather, imperfect though 
they be, are here given. Clay-slate is found at least in one locality 
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in the region of which we are speaking, that locality being some- 
where to the west of Ambositra in Betsileo (at Ambohimahazo in 
Manandriana ?), about 90 or 100 miles 8.8.W. of Antananarivo. 
The slate has been employed in the roofing of the Palace Church in 
the capital. A rock found in some places—on the mountains of 
Ambohimanoa, Ambohimiangara, and Karaoka (north of Ifanja 
marsh), for instance—and known as vatodidy, is used occasionally 
for ornamental purposes in building and also for native lamp- 
stands. It is a reddish rock showing banded structure, and 
may possibly be a kind of decayed gneiss. At Isoavinimerina 
near Ambohimanoa there is a pulpit made of this vatodidy. 
Hornblende-rock exists close to Ankazobe in Vonizongo, on the 
west (?) side of the village, and probably at Ankaraoka, near the 
mountain of Vombohitra. Actinolite-rock and asbestos seem to be 
common in some parts of Vakin’ Ankaratra, the former existing 
also at Belavenona, about halfway between Antongodrahoja and 
Amparihibe. Mica-schist is found in various districts, especially 
in Western Imerina and Vakin’ Ankaratra. Chlorite-schist may 
occasionally be met with. Kyanite-schist likewise occurs. Besides 
these there are found crystalline limestone, quartzite, and graphite. 
One locality where crystalline hmestone may be seen is about a mile 
to the south of Ambohimirakitra, seven or eight miles south of the 
capital. While some of this limestone is in amorphous or only par- 
tially crystalline masses, other portions of it are coarsely crystalline. 
It is fourd also near Mandritsara, a little to the north-west of the 
town, and also in the neighbourhood of the mountain of Ambohi- 
draboja (near Mandritsara), where it contains small grains of 
graphite and tale (?). A reddish crystalline lmestone with dis- 
seminated scales of what is probably chlorite is found in Antsi- 
hanaka. | 

Among the localities where quartzite occurs may be mentioned 
Ambohimanga* (to the north of Antananarivo); the hill of Ambo- 
hitrandraina ; the south-west foot of Ambohimanoa mountain (on 
the west side of the river [kopa) ; Anjamanga (to the west cf Ambo- 
hibeloma); the north-east end of Ifanja marsh; Anjanahary (in 
the north-eastern suburbs of the capital); Ambohimirakitra, where 
the white crystalline hmestone occurs ; Antanifotsy, in Vakin’ Anka- 
ratra; Tsarahafatra, to the north of Imerina, where the rock is 
schistose ; and many other places. 

As for the graphite, which the natives know as manjarano, anja- 
manga, or vanjahilatra, it may be met with in small quantities in 
all the places mentioned above where quartzite occurs. It is also 
found in the hill of Ambohidraboja above mentioned, in various 
localities in Betsileo, and to the west of the mountain of Vavavato. 
The thickest bed of graphite that I have seen is that near Ambo- 
himirakitra, mentioned above. The natives use it in polishing 
certain of their rice-pans and dishes. 

It is scarcely necessary to say that quartz-veins, sometimes of 


* The quartzite here contains scattered scales of a talecose mineral. 
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great thickness, frequently occur among the other rocks. Of 
quartz itself many varieties are found, as (a) rock-crystal (for 
large crystals of which Madagascar has been well known for 
more than 200 years*); (0) pale blue vitreous quartz, occurring in 
Antsihanaka; (¢) rose quartz, found on the eastern flank of the 
hill range of Famoizankova, in west Valalafotsy, and in Antsihanaka ; 
(d) smoky quartz, which occurs in Antsihanaka; (e) milky quartz, 
a beautiful snow-white variety of which exists at a spot between 
Ankazobe and Maneva, in Vonizongo; (f) jasper, found on the 
mountain of Vavavato; (g) amethyst, which occurs in many loca- 
lities ; (h) agate, found in Antsihanaka and on the west bank of 
the River Betsiboka, south of Mahabo. 


GRANITE. 


Here and there the vast stretches of gneiss and its allied rocks 
are invaded by masses and bosses of granite. The mountain of 
Vombohitra, situated about 70 or 80 miles north of the capital, is, 
perhaps, the most remarkable of these eruptive bosses. This moun- 
tain is of a circular shape, is perhaps eighteen miles in circum- 
ference, and rises boldly, with inaccessible sides in many parts of it, 
to a height of about 1000 feet above the surrounding country. The 
granite is of a reddish or pinkish colour, having flesh-coloured 
orthoclase and black mica}. Within a short distance of this im- 
mense granitic boss there is found a coarsely crystalline variety of 
graphic granite, probably existing in veins running out from Vom- 
bohitra. There is also to be found graphic granite on the north 
side of Vavavato mountain. 

Granite similar in appearance to that of Vombohitra also occurs 
rising in the hil-range known as Famoizankova, on the western 
confines of Imerina, to the west of Valalafotsy, where, in its con- 
tact with the gneiss on its eastern border, abundant large erystals 
of black tourmaline have been developed. It exists also from about 
ten miles east of the capital to within three or four miles of the 
large forest—from about Isoavina to near Mantasoa, covering an 
area of perhaps 15 or 16 miles in diameter—where it rises in 
numerous rounded or cupola-like masses, of which Ambatovory, 
Ambatomanga, &c., are examples. In this region the rock for the 
most part contains porphyritic crystals of orthoclase felspar. These 
crystals near the edge of the granite (at least on the northern 
boundary, which alone I have seen) run more or less in a linear 
direction from east to west, and, I believe, parallel with the strike 
of the gneiss in the immediate neighbourhood. ‘This direction of 
the felspar crystals is due to fracture along the margin of the in- 
truding mass, producing a kind of fluxion-structure on a large 
scale, the crystals having been obliged to rearrange themselves in 


* T have heard of a specimen of rock-crystal containing liquid-cavities § or 
3 inch in diameter. 
+ For description of this granite see Dr. Hatch’s paper, p. 341. 
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the direction of least resistance ; hence their longer axes are more 
or less parallel with each other. ‘This peculiarity may distinctly be 
seen about Ambatovory. Granite is also found a little to the south 
of Mevatanana; at and about the village of Votovorona (or Soan- 
drariny), between the capital and Fianarantsoa; in the bed of the 
river Mananta, on the road from the capital to Antongodrahoja ; 
and dykes of it appear near T'sirangaina, a few miles to the south- 
westof the capital, andnear Ambohipiara*, about a dozen iniles north- 
west of the capital. At Vombohitra, Famoizankova, and the locality 
to the east of the capital, the granite is evidently eruptive; but in 
the other places mentioned (except, of course, where it occurs 
in dykes) I should be inclined to regard it as metamorphic, for it 
seems to be confusedly intermingled with the gneiss, and shades 
off into it so imperceptibly that it is often quite impossible to say 
where the granite begins and the gneiss ends. 

About fifteen miles to the north-north-west of Mandritsara (im- 
mediately to the south of the village of Ambohitromby) there are 
one or two dome-shaped bosses of what is probably eruptive granite 7; 
and the gneiss near the junction has been altered by contact with 
the heated mass, the alteration having been accompanied by the 
development of various minerals. 


OLDER VOLCANIC SERIES. 


Let us now proceed to notice some of the volcanic phenomena of 
the region. The scene of the greatest display of former volcanic 
activity in Central Madagascar has undoubtedly been Ankaratra. 
This mountain, situated some twenty to thirty miles to the south- 
west of Antananarivo, is the highest in the island, attaining an 
altitude of nearly 9000 feet above the sea. It is a broad and ele- 
vated mass of land, with no very sharp peaks or ridges, and having, 
for the most part, a gentle slope of 4°-8° on all sides, so that it is 
not easy to define its exact hmits. Roughly speaking, however, it 
may be said to cover an area of perhaps fifty square miles. Now 
there can be no doubt that Ankaratra is the wreck of a huge, but 
ancient, suhaerial voleano. There are at present, so far at least as 
my observations go, no traces of cones or craters, but there are 
volcanic ejectamenta scattered about which bear witness to their 
former existence. From this volcano vast floods of liquid lava 
have issued and overflowed the surrounding country to the extent, 
probably, of from 1500 to 2000 square miles. In fact, almost the 
whole of Vakin’ Ankaratra province has been covered by a sheet of 
lava. ‘This lava has been poured out at various times, several beds 
being superimposed on one another. Some of the lava-streams are 
probably no less than twenty or twenty-five miles in length, and, 
before they thin out, from 300 to 500 feet in thickness. ‘They are 
mostly of a basaltic character, chiefly compact, though occasionally 


* Described by Dr. Hatch, p. 342, 
t Also described by Dr. Hatch, p. 342. 
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cellular. Here and there basaltic columns may be seen, some of which 
are now decomposing into wacke. In some places, too, there are 
extensive sheets of a red ferruginous conglomerate. Some portions 
of the basalt are amygdaloidal; and in one specimen, which I believe 
is from Ankaratra, the cavities are lined with radiating zeolites. 
Some of the basalt is also porphyritic with augite, and also with 
small crystals of an amber-coloured mineral (possibly zircon), which 
is infusible before the blowpipe. But besides basalt, there may be 
found, lying in the bed of some of the streams running down the 
sides of the mountain, pieces of vesicular trachytic lava, the erupted 
fragments of the now extinct volcano. The three highest points 
of Ankaratra are Tsiafajavona, 8494 feet above the sea; Tsiafakafo, 
8330 feet ; and Ambohitrakoholahy, 7730 feet*. Tsiafajavona, the 
highest peak, and Tsiafakafo consist of olivine basalt, Ambohitra- 
koholahy of sanidine trachyte. But black compact basaltic lavas 
certainly constitute by far the greater part of the mountain. 

It would be interesting to know at what period of Tertiary time 
Ankaratra was in a state of eruption; but our knowledge of the 
mountain and the surrounding district is, as yet, too scanty to help 
us to any conclusion on the matter. There is evidence sufficient, 
however, to show that the volcano is of ancient date; for, in the 
first place, all signs of craters or cones seem to have been effaced 
through denudation, though the presence of fragmentary materials 
(which, however, have largely disappeared) manifest their former 
existence. Then, again, numerous deep valleys have been excavated 
out of the hard basaltic covering by the many streams that come 
down from the mountain, leaving long tongues of lava diverging 
from the central mass. Many of these streams have cut clean 
through the beds of lava, bringing into view the gneiss upon which 
they are superimposed. 

Some thirty or forty miles to the south of Ankaratra there are 
to be seen about a dozen remarkably conical hills without craters. 
Whether they are the cores of former volcanoes or mere eruptive 
bosses, it would be difficult to say, though I am inelined to 
regard them as the former. Votovorona and Jakiana (or Ihan- 
kiana ?) are probably the highest of these cones, though even these 
are of no great height. Votovorona is 350 feet high, and has been 
protruded through granite. The rock is of the nature of diorite, 
being composed of felspar and green hornblende. The angle of its 
slope is over 50°. About twenty or twenty-five miles N.N.E. 
of Ankaratra, and some seven or eight miles W.S.W. of Antana- 
narivo, there is another of these probably eruptive bosses. It isa low 
conical knob of, perhaps, 150 or 200 feet high, and is also known 
by the name of Votovorona. There seem to have been a few small 
outflows of lava from the hill, and it not improbably forms the core 
of an old volcano. 

Between the mountains of Ankaratra and Vavavato there exists a 


* Dr. Mullens’s estimates exceed these by about 500 feet. 
t Described by Dr. Hatch, p. 354. 
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subconical hill of columnar trachyte* ; this is possibly the neck of an 
ancient volcano exposed by denudation of its former covering. 


Newer Vorcanic SERIES. 


In addition to the above evidences of former volcanic activity 
in the region of Ankaratra, there are many scores of volcanic cones, 
which are probably of later origin than Ankaratra. These are 
situated in two localities especially, in Mandridrano, on the western 
side of Lake Itasy, and in the neighbourhood of Betafo, in Vakin’ 
Ankaratra, the former being about sixty miles west, and the latter 
from eighty to ninety miles 8.8.W., of the capital. Both localities 
are about 130 miles from the eastern coast of the island, and 150 
from the western coast. It is hardly necessary to say that all 
these volcanoes are extinct, and that there are none in activity at 
the present time in any part of Madagascar’. On the west side 
of Lake Itasy the volcanic cones exist in great numbers, and these 
therefore shall be first described. 

The extinct volcanoes of this district of Mandridrano extend for a 
distance of about twenty miles north and south, and perhaps three 
or four east and west. They are, for the most part, scoria-cones. 
The cones are thickly studded over the district, in some parts clus- 
tering together more thickly than in others. Occasionally there is 
a series of cones which have evidently been heaped up by the simul- 
taneous ejection of scoriz from different vents situated on the same 
line of fissure, but so that the cones have run one into the other, 
leaving a ridge, generally curvilinear, at the summit. None of 
these extinct volcanoes reach the height of 1000 feet. Kasige, 
which is probably the highest, I found by aneroid to be 863 feet 
above the plain¢. This is a remarkably perfect and fresh-looking 
volcano, whose sides slope at an angle of 32° or 33°. The scorize on 
the sides have become sufficiently disintegrated to form a soil, on 
which is found a by no means scanty flora ; for, among other plants 
growing here, I gathered an Aloe (A. macroclada), a Clematis (C. 
irifida), two or three composite herbs (Senecio cochlearifolius, Heli- 
chrysum lycopodioides, Laggera alata, &c.), some grasses (Imperata 


* Described by Dr. Hatch, p. 554. 

tT Serope, in his ‘Volcanoes,’ 2nd edition, p. 428, says of Madagascar :— 
“‘There is some reason to believe in the existence of active volcanic vents in this 
great island ;” and Dr. Daubeny, in the 2nd edition of his ‘ Volcanoes,’ p. 433, 
m referring to the islands on the eastern coast of Africa, says:—“The prin- 
cipal of these are the great island of Madagascar, the isle of Bourbon, and the 
Mauritius, the first of which has been too little explored to allow of my an- 
nouncing with certainty anything respecting its physical structure;” and, in a 
note, he adds, ““ Madagascar is stated by Daubuisson to contain volcanoes, on the 
authority of Ebel (‘ Bau der Erde,’ tom. ii. p. 289), who reports that in this 
island there is a volcano ejecting a stream of water to a sufficient height to be 
visible twenty leagues out at sea.” It is needless to say that no such volcano 
exists. Dr. Daubeny continues, ‘‘Sir Roderick Murchison, Dec. 1827, exhibited 
at the Geological Society some specimens of a volcanic nature said to have come 
from this island, but the locality was not mentioned.” 

¢ For description of lava from Kasige see Dr. Hatch’s paper, p. 351. 
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arundinacea, &c.), a species of Indigofera, and an orchid. On its 
top is an unbreached funnel-shaped crater, which measures, from 
the highest point of its rim, 243 feet in depth. Contiguous with 
Kasige, and adjoining its south side, though not so high, there is 
another volcano, Ambohimalala, and many others are to be seen 
near by. 

One thing with regard to these volcanic piles soon strikes the 
observer, which is, that they are frequently higher on one side of 
the crater than on the other. The higher side varies from north to 
north-west and west. This is accounted for by the direction of the 
wind during the eruption, causing the ejected fragments to accu- 
mulate on the leeward side of the vent. Now we know that the 
south-east trades blow during the greater part of the year m Mada- 
gascar, hence the unequal development of the sides of the cones. 
The same thing may also be observed in the volcanic piles in the 
neighbourhood of Betafo. 

A very large number of the cones have breached craters, whence 
lava has flowed in numerous streams and flooded the plains around. 
These streams and floods consist, in most instances, I believe, of 
black basaltic lava; a sheet of this lava, the mingled streams of 
which have flowed from Ambohimalala and some other vents, has 
covered the plain at the foot of Kasige to such an extent as almost 
to surround the mountain. Similar sheets are to be seen in other 
parts of the district, but they are so much alike, that a description 
of one will suffice for all. Amboditaimamo (or Ambohitritaimamo ?) 
is a small volcano at the south-west end of Ifanja marsh, and at the 
northern confines of the volcanic district. It possesses a breached 
crater turned towards the east. From this has issued a stream of 
lava which, following the direction of the lowest level of the ground, 
has swept through a small valley, round the northern end of the 
mountain, and spread out at its west foot. This sheet of lava, 
which is excessively rough on the surface, occupies but a small area 
of some two or three square miles. It has been arrested in its flow 
in front by the form of the ground. It is cut through in one part 
by a stream ([kotombolo) which, in some places, has worn a channel 
to the depth of 80 or 90 feet. Its surface, which is shghtly cellular, 
is covered by hundreds of mammiform hillocks, which must have 
been formed during the cooling of the liquid mass. The hillocks are 
mostly from 20 to 30 feet high, and apparently are heaped up masses 
of lava, and not hollow blisters. The lava itself is black, heavy, 
and compact, being porphyritic with somewhat large crystals of 
augite. As yet it is scarcely decomposed sufficiently to form 
much of a soil, though grass and a few other plants grow on it 
abundantly. 

A little to the south of Amboditaimamo there is another volcano, 
known by the name of Andrarivahy. It is situated on the summit 
of a ridge of hills—astride of it, so to speak—and from its crater 
there has been an outflow of what must have been very viscid lava; 
for though the sides of the voleano and the ridge cf hills form an 
angle of from 30 to 40 degrees, the ejected matter has set or “ gut- 
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tered” on the slope, only a small portion of it having reached the 
valley below. This ridge of hills, through which the volcanic orifice 
has been drilled, is composed entirely of gneiss; and, indeed, it may 
be here stated that the whole of these volcanoes, as is the case also 
with those about Betafo, presently to be mentioned, rest upon a 
platform of gneiss. 

As to the nature of the voleanic rocks of the district, it may be 
said that these comprise basalt, andesite, trachyte, trachytic tuff, 
palagonite-tuff, and basaltic and trachytic conglomerate. Some 
of the trachytic rocks contain large crystals of glassy felspar. 
Pumice, obsidian, and pitchstone do not seem to be found anywhere. 

In addition to the numerous scoria-cones, there may be seen here 
and there in the district some dozen or more other volcanoes, 
differing entirely in character from those which have been spoken 
of above. These are large bell-shaped hummocks of trachyte or 
andesite. They are without definite craters, though one or two of 
them have more or less conspicuous depressions on their summits, 
showing that eruptive action has not been altogether wanting. 
These hummocks are chiefly composed of a light-coloured compact 
rock. This rock, having originally had a highly viscid or pasty 
consistency, has accumulated and set immediately over the orifice 
through which it was extruded. Such hummocks are Ingolofotsy, 
Beteheza, Andranonatoha, Angavo, Ambasy, Isahadimy, Ambohibe, 
Lazaina, Antsahondra, Antsangarahara(?), &c. Ingolofotsy, situ- 
ated to the north-west of Lake Itasy, 1s perhaps the most striking in 
appearance of these hummocks. It bears some resemblance to a 
bell or a Turkish fez, except that its sides are furrowed with water- 
channels, and its truncated summit is notched in a remarkable 
manner. Its height above the plain is 665 feet; the inclination of 
its sides averages probably 50°. Adjoining Ingolofotsy on the 
south-west is Beteheza, and further still Andranonatoha, the latter 
of which consists of andesite *, which has probably welled out from 
orifices on the same line of fissure from which Ingolofotsy was ex- 
truded. From Andranonatoha, which seems to be the highest of 
all the domes, the lava has flowed in thick masses, but has stopped 
apparently at the foot of the mountain. Angavo is another of these 
fez-shaped domes. One singular feature in this mountain is its 
numerous shallow water-channels, which, on the north side, make 
their way down from the summit in a surprisingly regular manner, 
giving the appearance of an open umbrella with numerous ribs. 
From one point of view I counted as many as thirty-four of these 
channels. It may be mentioned in passing that, in a valley at the 
west foot of Angavo, there is a small crater the lips of which are level 
with the surface of the ground. This may, perhaps, be accounted 
for by supposing that the ejected materials from this and other 
eraters near have so accumulated as to raise the level of the valley 
between up tothe rim of the crater, and so to obliterate the cone, 
probably never of any great height. 


* See Dr Hatch’s description of this andesite on p. 35d. 
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It is hardly necessary to say that these extinct volcanoes of Man- 
dridrano must have been in activity in comparatively recent times. 
Possibly they belong to the historic period, though, so far as I am 
aware, no tradition lingers with regard to their being in a state of 
eruption *, That they are, at any rate, of recent date is shown by the 
almost perfect state of preservation in which most of the cones are still 
found, and by the undecomposed (or slightly decomposed) character 
of the lava-streams that have issued from them. There have been 
no terrestrial disturbances or modifications of any magnitude since 
the days of their fiery energy; the conformation of hill and dale 
was the same then as now, for in every instance the lava-streams 
have adapted themselves to the form of the existing valleys. 

Another feature worthy of mention in this volcanic district is the 
lakes and marshes which occupy many of the valleys. Itasy is the 
largest of the lakes, and Ifanja the largest of the marshes. Now, 
most of these lakes and marshes have been doubtless formed by the 
sinking in of certain portions of the district, a fact made evident by 
the two following circumstances :—(a) on the south side of Kasige 
the gneiss may be seen to take a sudden dip beneath the volcanic 
pile, showing that, as the matter has been discharged from below, 
there has been a settling down of the cone, a fact made further 
evident by the existence of a small sheet of water, known as Bobo- 
jojo, in the immediate vicinity. But (6) on the western side of 
Ifanja marsh there is a small pond known as Mandentika. In the 
time of King Andrianampoinimerina (2. ¢. before the year 1810) 
there was a headland, so the people say, projecting into this pond, 
upon which were situated two or three houses. On a certain 
unhappy day the foundations of this headland suddenly gave way, 
and down it sank with the houses and their occupants, only 
one of the latter escaping. From that time the pond has been 
appropriately termed Mandentika (“sinking”), but previous to 
the catastrophe it was known as Amparihimboahangy. ‘There is 
no doubt about the truth of this story, as I have myself seen traces 
of the submerged headland and houses appearing just above the 
surface of the water. The natives of the place say that the sinking 
was caused by a Funanimpitoloha, a seven-headed mythical animal 
that is supposed to live beneath the water. 

Ifanja marsh is some four or five miles from one end to the other, 
and perhaps a mile or more wide in its greatest width. It runs in 
a northerly and southerly direction, with its southern end bending 
round towards the west, at the foot of which is the volcano of 
Amboditaimamo mentioned above. The marsh forms a considerable 
depression below the surrounding country. At its south-eastern 
corner there are some hot springs, which are much resorted to by 
sick people. 


* I was told by a native that near the village of Amboniriana, north of 
Angavo, and not far from Ingolofotsy, there is an emission of carbonic acid 
gas (?) (fofona), and that the people say that formerly fire was to be seen. 
The place is named “ Afotrona” (a/o, fire; crona, grunting, or hard breathing), 
and would probably be worth a visit. 
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Lake Itasy needs no lengthy description here. It covers ground, 
roughly speaking, to the extent of about twenty-five square miles. 
It may not improbably occupy an area of depression due to volcanic 
action *; but be this as it may, there is a cause at its outlet suffi- 
cient to account for its formation. Here, lying in the river-bed, 
are numerous blocks of gneiss, many of them blackened with a 
covering of oxide of iron; and beneath this gneiss lava may be 
seen. Several volcanoes cluster round the outlet ; but there is one 
—an inconsiderable hill—situated on the southern margin of the 
outflowing river, just above the rapids. There, distinctly enough, 
may be seen a low and much-worn crater, with its breached side 
facing the outlet ; and gneiss blocks may be traced from the bed of 
the river all up the hill-side to the crater. There has evidently been 
first an ejection of volcanic matter, followed probably by an explosion 
tearing up and flinging out fragments of the gneiss through which the 
vent was bored; hence the gneiss blocks are superimposed upon the 
lava. Thus the water has been ponded back. The river has now 
cut its way several feet through the barrier thus thrown across its 
course; and by this continual erosion at its outlet, and the accumu- 
lation of sediment and the growth of vegetation at its head, the 
lake is slowly, though surely, decreasing in extent year by year. 

It may be mentioned that the river Lilia, which flows from the 
lake, passes for several miles over sheets of black lava, through 
which it has cut its way. At Ambohipolo there are three fine 
waterfalls fifty or sixty feet high, and on the north side of the 
river, immediately below the second fall, there is an exposed section 
of columnar basalt. By the river-side near here, too, may be seen 
at the foot of the basaltic cliff carbonate of lime, which has been 
dissolved out from the basalt and been deposited on the shingle, 
forming conglomerate. 

A few miles south of Lake Itasy the volcanoes begin to dis- 
appear, though they do not entirely die out for a good distance 
southwards; indeed the volcanoes of Mandridrano and those of the 
Betafo valley seem to be more or less connected by intermediate ones. 
Between the two districts, it 1s true, there are but few volcanic 
cones of any size, but craters may be seen here and there. In 
Dr. Mullens’s map of the Central Provinces of Madagascar several 
“ volcanic hills ” are shown somewhat to the west of a straight line 
drawn between the two districts; but these are not in actual ex- 
istence. 


* Mr. Johnson says, “ I'am told here that Itasy was once a huge swamp, and 
that its becoming a clear lake is within the knowledge, or perhaps the tradi- 
tions, of the people” (Antananarivo Annual, No. I., 1875, p. 60). If this be 
really true, it can only be explained on the supposition that there has been a 
recent subsidence of what is now the bed of the lake, as in the case of Man- 
dentika mentioned above. 

Mr. Sibree says, “ The natives say that the lake Itasy. . ... was formed by a 
Vazimba chieftain, named Rapéto, damming up a river in the vicinity, and so 
the rice-fields of a neighbouring chief with whom he was at variance were 
flooded, and have ever since remained under water,” (‘The Great African 
Island,’ p. 136.) 


OIG Ss. No. 178, Dik 
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A good deal of what has been said respecting the volcanic district 
of Mandridrano also holds good in regard to that of the Betafo valley 
and neighbourhood, where, however, the volcanic cones are fewer, and 
where trachytic and andesitic domes do not appear to exist. The 
largest voleano in the Betafo valley is probably Iavoko; it has a 
larger crater than any to be found about Lake Itasy. From this 
volcano a large sheet of black lava* has issued, upon which are found 
in abundance various species of plants, notably a Huphorbia and a 
stonecrop (Kitchingia). Almost all the plants growing on this lava 
bed, however, are of a succulent character, and can dispense with 
soil, requiring merely a foothold. On the sides of Iavoko may be 
picked up fragments of what appear to be calcined gneiss, which 
have been torn from the sides of the vent in the passage upwards 
of the volcanic matter. On some of the cones numerous crystals of 
augite as large as marbles may be found among the volcanic débris. 
There is one volcano, Tritriva, near Betafo, which, inasmuch as it 
is different in character from any others mentioned above, deserves 
a few words. It is one of those volcanoes off which the summit 
has been blown by explosive action, leaving what is known as a 
crater-ring, which is now the site of a small lake. The lake is not 
more than 100 or 200 feet in diameter, perhaps not so much as 
that; but there is reason to suppose that it is of great depth. The 
inner sides are steep for the greater part of the circumference, but 
on one side the lake is easily accessible. 

The largest crater-lake in these volcanic districts (for there is 
said to be one also to the east of Ingolofotsy) is probably Andrai- 
kiba, a mile or two to the west of Antsirabe, though even this is of 
comparatively small size. It is, perhaps, a quarter of a mile in 
diameter, and is level with the surrounding country. 

The volcanoes of Mandridrano and Betafo are situated twenty or 
thirty miles to the west and south-west of Ankaratra, and, judging 
from the small amount of denudation they have undergone, came 
into existence after the volcanic energy of Ankaratra had spent 
itself. 

To the east of Imerina, near Ambohidratrimo, on the outskirts of 
the large forest, [ found a few years ago several small volcanic craters, 
These also seem to belong to the class of crater-rings or explosion- 
craters. Although fragments of volcanic matter have been ejected 
from them, they are not sufficient to form a cone; and the craters, 
none of which exceed 100 yards in diameter and thirty feet in 
depth, have been probably produced by a single explosion of the 
pent-up forces below. With the exception of scoriz and lapilli, 
which are sparingly scattered about, there is no visible sign of 
volcanoes, and one comes to the very verge of the craters before 
being aware of their existenee. Two of the largest craters consist 
of saucer-shaped depressions, but are rather elliptical than circular 
in form; the others consist mostly of small cavities, deep in pro- 
portion to their width. Several of the craters are occupied by 


* For description of this lava see Dr. Hatch’s paper, p. 346. 
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sheets of water, with rushes and other aquatic plants around their 
margins. . 

About 90 or 100 miles N.N.E. of Antananarivo, in the province 
of Antsihanaka, it is reported that there are small volcanic craters ; 
but as nothing definite is known respecting them, we can at present 
do no more than merely note their existence. 

In addition to the above it may be stated that in some parts of 
the interior of Madagascar (especially, perhaps, in the vicinity of 
the volcanic districts) there are to be found a goodly number of 
circular or oval depressions which are in reality miniature craters. 
These generally occur on the summit or near the summit of the 
low undulating hills so abundant in this part of the island. They 
might easily be mistaken for mere ponds (for they are almost 
always occupied by water or marsh), but on examination cellular 
basaltic lava may frequently be found on their margins. In these 
places volcanic action must have been of the faintest kind, consisting 
chiefly in the discharge of heated vapours. 

The largest craters that I have seen in the island are at 
Antongodrahoja, about 120 miles N.N.W. of Antananarivo. These 
eraters, which are in close proximity, occupy the north and north- 
west ends of the hill on which the village of Antongodrahoja 
stands, the remnants of their walls, in fact, forming two of its 
sides, the village being situated between them. There is, at pre- 
sent, no sign of volcanic cone, and only a small are of the circum- 
ference of the original craters now remains. The cavity to the 
north is a sort of double crater, evidently due to a change in the 
position of the centre of eruption, so that one of the orifices has 
overlapped the other, the remaining arcs of the two crater-rims 
forming a rude resemblance to the figure 3. The western volcano 
has been the largest, and, judging from the portion remaining, has 
probably been about three miles in diameter, though no exact 
measurements of it have been taken. The materials poured out 
from these volcanic vents are of a basaltic character*, and appa- 
rently outflows of lava and fragmentary discharges have succeeded 
each other. ‘he basalt assumes a spheroidal character in some 
places, and is now much decayed. Geodes are abundant in some 
parts of the basalt. Just above the waterfall in the northern crater 
they may still be seen zn situ, but where the rock has decayed they 
have fallen out, and may be picked up by thousands. The majority 
of them are solid, others are filled with earthy matter; others, so 
the natives say, contain water, like the enhydros of Brazil; and 
many are hollow, being in various stages of progress towards solidity. 
A few show beautiful agate-markings in cross section. Some, again, 
have whitish horizontal layers deposited against the side of the wall 
that has been lowest in position, showing that the silica has crystal- 
lized in a surplus of water. Many of these hollow geodes are 
remarkable for their beauty, being lined inside with sparkling quartz- 
crystals, some comparatively large and others minute. In many 


* Dr. Hatch, in his paper, p. 348, describes a specimen of rock from one of 
these craters. 
242 
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of the stones these quartz-crystals are all coated with almost 
microscopic crystals of the same or some other mineral, so that they 
look as if they had been frosted, or delicately powdered with fine 
white flour. The crystals of others assume a mamillated form, the 
mamillz being covered with minute crystals. These generally 
present a delicate blue tint. When these stones are broken in two, 
the hemispheres appear like veritable fairy grottos. I have never 
found geodes in any other locality, but here they are extremely 
abundant. 

Volcanoes are also recorded as existing on the south-east and on 
the north-west coast; but of these nothing more seems to be at 
present known than the bare fact of their existence. Basaltic pro- 
trusions, dykes, and sheets also occur in numerous localities through- 
out the island, bearing witness to the intense volcanic energy that 
has prevailed at a remote period in this part of the world. 

From what has been said respecting the volcanoes of Madagascar 
it will be seen that they run in a direction more or less parallel 
to the dominant strike of the rocks, that is to say, from north to 
south, and hence are part of the chain of volcanoes which passes 
along the line of the Red Sea and the eastern coast of Africa, and 
which Prof. Judd would include in his “ fourth and subordinate 
band.” 


THERMAL Sprines &c. 


Besides the volcanic phenomena mentioned above, thermal springs 
occur in various localities in Madagascar. They are found to the 
west of Valalafotsy (east of Imerimandroso) ; at a place in the bed 
of the river Ikopa, about 45 or 50 miles north-west of the capital 
(at the south end of the hill of Ankadivato in Valalafotsy); also 
at a place a few miles further down the river; at the south-east 
corner of Ifanja marsh ; a few miles to the south-west of Mahatsinjo 
(south-west of Itasy); at Andranomafana (at the north-west [?] foot 
of Vavavato mountain); at Faravato (to the south-west of Vavavato) 
in the Betafo valley, where at one place the hot water pours out in 
great quantity and at a temperature of 130° Fahr. 

These seven thermal springs lie in a northerly and southerly di- 
rection, extending for about a hundred miles, and corresponding 
with the line of the Mandridrano and Betafo volcanoes (about long. 
47°). They probably point to a line of fissure. 

M. Roblet reports hot springs as occurring on the banks of the 
river Sahasarotra, fifteen miles from Vinaninony. At Antsirabe, 
about seventy miles south-west of Antananarivo, there is a hot 
spring, and from several points carbonic acid gas is emitted. 
Another spring exists at Andranomafana (east of Andovoranto) near 
the east coast. The Rev. W. D. Cowan also gives the following 
positions where hot springs occur :—HEast base of hills near River 
Inamorona (47° 38' E. by 21° 10'S8.); north of River Matsiatra 
near Ivohibola (47° 18’ E. by 21° 16'S.). It is reported that 
there is a spring of mineral oil somewhere to the north of Betafo ; 
and the French, it is said, have worked similar springs at Ambaya- 
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toby on the north-west coast. But these reports I have had no 
opportunity of verifying. Dr. G. W. Parker finds that an examina- 
tion of the water from springs in the district of Antsirabe gives the 
following results :— 

“¢Qn evaporation, one pint (20 oz.) of water from each spring 
yielded the following quantities of solid salts :— 


Spring No. 1 yielded 40 grains of salts, or 2:0 grains to 1 oz. of water. 
38 29 99 99 19 99 1 99 99 
29 39 3 99 42 99 29 99 21 29 1 99 29 
29 99 4 29 28 99 99 39 1-4 99 if 3) 99 


All these springs contain the same ingredients, viz. lime, magnesia, 
soda, and potash, in combination with chlorine, iodine, sulphuric 
acid, and carbonic acid, with the addition of free carbonic acid gas.” 

At Antsirabe there is a deposit from one of these springs of car- 
bonate of lime, which is occasionally used for building purposes in 
the capital. Bubbles of carbonic acid may be seen rising from the 
surface of the deposit, and at one point, where there is a small 
spring, a mass of calc-sinter has been formed which is 80 feet long 
by 15 feet high. But the deposit also exists in several of the 
valleys in the vicinity to an unknown depth. In one of the 
small valleys, where there 1s a discharge of carbonic acid gas, there 
may be seen the dead bodies of grasshoppers, &c., that had ventured 
too near the noxious element. 

In one of the valleys in the vicinity of the crater-rings of Ambo- 
hidratrimo, spoken of above, there is a deposit of siliceous sinter. 
It appears in one or two places, scarcely rising above the surface of 
the ground, in a valley of rice-fields, and has been deposited by 
springs which have long since ceased to flow. The sinter is exceed- 
ingly hard and compact, and is used by the natives for fire-flints. 
They know it as vatofangala. In some portions of it numerous 
fossils of what appear to be a species of Hquisetum are imbedded. 

About twenty or thirty miles to the north of Ambatobe, in North 
Antsihanaka, at a place named Analaroamaso, there is a consider- 
able deposit of siliceous sinter, which contains particles of sand 
and pebbles imbedded in it. Ten or twelve miles further north, 
again, there is a second deposit of a similar character. Here there 
is also a circular shallow basin seventy or eighty feet in diameter, 
with a ledge of sinter round it. This is probably the site of an 
extinct geyser. These sinter-deposits are in the bed of the ancient 
lake described above, and, with the miniature craters that occur 
here and there, are proofs of recent volcanic activity. There is 
also a small deposit of siliceous sinter a little to the east of Andra- 
nomafana (between the capital and the east coast), where also there 
is much basalt. 


EARTHQUAKES. 


So little is known respecting earthquake-phenomena in Madagascar, 
no scientific observations ever having been instituted, that it is 
scarcely worth while to refer to the subject. However, it may be 
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stated that hardly a year passes without one or more shocks being 
experienced in the central parts of the island, though they are never 
severe or of long duration; and the destruction caused by these 
earth-waves in some parts of the world is entirely unknown here*. 
The natives strangely imagine that earthquakes are caused by a 
whale (trozona) turning on its back. 


SEDIMENTARY Rocks. 


So far as is known, not taking account of recent superficial aceu- 
mulations, there are but few, if any, strictly sedimentary rocks in- 
termingled with any part of the crystalline series. Possibly, 
however, there may be found here and there on the eastern side of 
the island rocks of Tertiary age; but sedimentary rocks do not 
‘form a belt around the island,’ as Mr. Wallace, in his ‘ Island 
Life,’ affirms. These rocks are found to the west and the 
extreme north and south of the island. My own observations with 
regard to these sedimentary strata, which, however, have been con- 
fined to the north-west of the country, confirm, with certain quali- 
fications, the statement in the ‘ Bulletin de la Société de 
Géologie ’ (Aug. 1871, p. 88) :—‘“ Le savant voyageur a constaté que 
la grande ile semble formée d’un noyau micaschisteux qu’entoure 
a Youest et au sud une vaste zone de formation jurassique.... . 
Cette zone, qui supporte une bande étroite de terrain nummu- 
litique parfaitement caractérisé par des Neritina Schmideliana et 
pétri de foraminiferes (appartenant aux genres Alveolina, Orbitoides, 
Triloculina, &c.), s’étend du bord sud de la baie de Narendry au 
versant ouest des montagnes granitiques, auxquelles est adossé le 
fort Dauphin. Elle est formée, comme on sait, de plaines coupées 
dans leur Jongueur par trois chaines de montagnes qui courent du 
nord au sud.” Ina journey which I took to the north-west coast 
in 1886 I found, in various localities, a large number of fossils, 
which have been identified by Mr. R. B. Newton, F.G.8., of the 
British Museum, and of which a list is given in the Appendix (p. 331). 
These fossils belong to the Jurassic, Cretaceous, and Eocene systems. 
The accompanying map (Pl. XIII.) gives the exact localities where 
they were found. 

In the north-west of the island sandstone is by far the commonest 
rock, covering vast stretches of country in thick beds. It varies 
much, of course, in texture and composition, from coarse grit, which 
is found adjoining the elevated region of crystalline rocks, to rocks 
of a fine grain. It is mostly of a reddish colour, but yellow and 
white calcareous sandstone is also common. It seems, so far as IL 
could discover, to be unfossiliferous. Some of the mountains (which 
are comparatively few) composed of sandstone are quite remarkable 
in appearance, especially Angoraony, to the south-east of Anoron- 
tsanga, which is an isolated hill standing out as a witness to the 


* Jn the year 1887 there were at least five shocks felt in the capital, being 
an unusual number. They occurred on Feb. 7 and 8, April 11 and 1%, and 
May 20. One of these (that on Feb. 7) was the severest that has been known 
for many years, but was not sufficiently violent to do any damage. © 
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enormous denudation to which the country has been subjected. It 
is composed of horizontal bands of sandstone weathered in such a 
way as to make it somewhat resemble a vast cathedral. 

Beds of clay and shale are also common, many of which abound 
in Belemnites of various species. They contain also,in many places, 
large and numerous crystals of selenite. At the mountain of T'siton- 
droina, near Amberobe, cylindrical pieces of.iron pyrites with a 
radiate structure may also be found. These, as well as species of 
Belemnites, are used by the natives as rifle-balls, and are known as 
balahara or balanjrika. In some places, too, in the clay (between 
Ankaraobato and Ankoala, for instance), large concretionary nodules 
of a calcareous nature are abundant; and to the north of Andrano- 
samonta there are numerous septaria, the polygonal spaces being 
filled with calcite. 

Extensive beds of limestone, which, as a rule, are abundantly 
fossiliferous, also exist in the north-west of the island. ‘The lime- 
stone varies much in texture, composition, and colour; for instance, 
to the west of Ankaramy it is a black compact rock, and contains 
zinc-blende ; in other places it is whitish and of close texture, or 
whitish and of friable texture. At Mojanga the rock is a greyish 
more or less compact dolomite. The limestone, in many places, 
presents a weathered surface of sharp-pointed and sharp-edged pro- 
jections, which render it dangerous or impossible to walk on. In 
some localities, where exposed to the sea waves, it has the appearance 
of rude masonry. At Ambodimadiro, not far from Nosibe, the rock, 
a good section of which is exposed on the sea coast, is probably a 
kind of limestone-shale-which easily breaks up into small rhomboidal 
fragments in the direction of its vertical joints, which run about 
30° from a right angle one to the other. It contains numerous 
centipede-shaped markings of what are probably tracks or burrows 
of some animal, possibly worms. The rock is here also invaded by 
numerous dykes of amygdaloidal basalt *. 

Near Ambalanjanakomby, to the north-west of Antongodrahoja, 
there is a deposit of lignite containing a large proportion of iron 
pyrites (or marcasite ?). 

Coal has also been found in the north-west of the island. M. 
Guillemin, a French engineer sent out by the Company of Mada- 
gascar, reports that five coal-fields have been found, the coal from 
which he speaks of as houille séche, howille grasse, and houille a gaz. 
The five outcrops of Bavatoby, and two others found in Ampasindava 
Bay, yield coal in small quantity near the surface, but are ex- 
tremely rich at greater depths. The following is an analysis of 
the coal from Ambavatoby :— 


; Wolatsle imation. 2%. seit «nae 15:80 
@arboners. Shinar ae Ne a 7037 

ACSI OT SON Oy SRE a eRe 13°33 

100-00 


* Described by Dr. Hatch, p. 352. 
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‘The whole series of sedimentary strata above mentioned are re- 
markably horizontal, having perhaps generally only a dip of a few 
degrees seawards; consequently it is impossible to say upon what 
beds they are superimposed, except that at their eastern boundary 
they lie unconformably on the gneiss. Probably, however, future 
investigation may be able to discover the underlying strata—that 
is, the strata (if there are such) lying between the Jurassic and the 
erystalline rocks. 

From what I have observed, the sandstone, clay, and limestone 
are arranged more or less in horizontal sequence from east to west ; 
that is to say, the sandstone chiefly occupies the territory adjoining 
the crystalline rocks (being a sandstone-grit at the junction), the 
limestone forms the western zone, and the clay and shales are in- 
termediate. Of course this rule may not hold good in every locality ; 
but if this be the general sequence of the rocks, which undoubtedly 
it is, it hecomes evident that their component materials have been 
derived from the elevated crystalline rocks of the interior, and that 
therefore these latter formed part, if not the whole, of the island 
previous to Jurassic times. 

It may be worthy of mention that on the western bank of the 
River Betsiboka *, a few miles to the south of Mahabo (near Maro- 
hala), there is an outcrop of basalt with numerous agates. 

In my journey to the north-west of the island in 1886 I came 
across some remarkable rocks which deserve notice. As I had not 
time sufficient properly to examine them or their surroundings, I 
can only give the data as I observed them from a hurried inspection 
of them, hoping that they may receive the careful attention of some 
future traveller. The rocks in question, which are crystalline, are 
located about a mile and a half to the north of Mahitsihazo (on the 
road between Andranosamonta and Ankaramy) in about 48° 5’ E. 
long. and 14° 22'§8. lat. One of the rocks is on the road near 
the summit of an ascent; it is most curiously, though irregularly, 
guttered with canoe-lke channels, some of which are fully a yard 
in depth. It is as though it had been turned in a lathe, with 
ridges and prominences left between the parts gouged out, which 
parts, however, are not continuous round the stone. In the valley 
immediately to the south there is another of these curious rocks, 
and to the north there are several others, all of which are guttered 
in the same way. They do not seem to be protrusions from below, 
nor to belong to rocks disintegrated in situ, and there are no hills 
in the immediate neighbourhood from which they could have fallen, 
nor, indeed, is there to be found, so far as I know, any similar rock 
in the surrounding district. The gutters, in all that I saw, run in 
a direction round the rocks north and south, and the rocks them- 
selves seem to observe the same direction in their distribution. I 
examined the rock upon which one of them was superimposed, and 
found it to consist of sand and clay: I would also point out for 


* While speaking of the Betsiboka, I may say that within the last few years 
it has shifted its bed at Amparihibe. Formerly it ran on the west side of the 
village ; now its course is about a mile to the east. 
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further investigation by future travellers some sandstone rocks a 
little further to the north: they seemed to me, from a very cursory 
examination, to be striated; but of this I am by no means certain. 

It would be highly interesting to know whether there really are 
any signs of glacial action in Madagascar, and therefore I mention 
the above phenomena in the hope that they will receive further 
attention at some future time. 

It may be as well here to give a list of the metamorphic and sedi- 
mentary strata of Madagascar, so far as they are at present known, 
referred to the European standard of geological chronology :— 


Post-Tert1Ary. Recent. 


TERTIARY ....... Kocene. 
Upper. 
f Cretaceous ... aoe 
SECONDARY ... Oxfordian. 
libpema dere Lower Oolite (Cornbrash, Bradford 
\ SE coc Clay, Fuller’s earth). 
Lias. 
Silurian ? 
PAL#OZOIC . ey Cobcan? 
Archean. 


Economic PrRopuwcts. 


Little is known with regard to the metals and industrial products 
of the island, as the native laws have hitherto prohibited mining of 
every description. It is now well known, however, that gold has 
recently been discovered in somewhat large quantity in certain 
localities, and, judging from the nature of the rocks, will doubtless 
be found in others when the country is opened up. The Govern- 
ment, which retains the monopoly of the precious metal, has recently 
been obtaining it from Mevatanana and Ampasiria, places about 
halfway between Antananarivo and Mojanga. Small quantities 
have also been obtained from the bed of a stream near Itompoana- 
nandrariny, in the west of Valalafotsy district, and also a few miles 
to the south of the capital, and perhaps in other localities as well. 
The gold is said to be of excellent quality ; at present, however, the 
laws forbid both the search for it and the sale of it, although by no 
means all finds its way into the national treasury. Silver, as yet, 
does not seem to have been discovered. Galena is found abundantly 
somewhere in the neighbourhood of Ankaratra, and silver, it is said, 
is being extracted from it. The natives obtain their lead, which is 
used chiefly for bullets, principally, if not entirely, from this galena, 
Tin is said to occur in the district of Vakin’ Ankaratra, but this 
requires verifying. Copper exists apparently in great quantity also 
in Vakin’ Ankaratra. Iron is found, as has already been stated, in 
abundance as magnetite, also as hematite and ironstone. Sulphur 
occurs in beds near Antsirabe, in the neighbourhood of extinct vol- 
canoes, and at Madera (?) to the north-west of Ankaratra. It is 
brought to Imerina, where (after being separated from its impuri- 
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ties by a rough process of sublimation) it is used in the manufacture 
of gunpowder. Nitre or saltpetre is obtained by lixiviating the soil 
(the decayed gneiss) and allowing the solution to crystallize. There 
is no special locality whence the nitre is obtained, though the 
natives say that certain soils, probably those rich in nitrogenous 
matter, yield it in greater abundance than others. Graphite and 
iron pyrites, as has been stated above, are found in various places. 
Mr. Ellis says that oxide of manganese has been found about 50 
miles south of the capital. Lime is obtained from the deposit of 
travertine at Antsirabe, but as yet it seems only to have been em- 
ployed in the erection of the Queen’s palaces and a few other 
buildings. <A beautiful variety of Amazon stone is found somewhere 
to the south of Lake Itasy. A kind of ferruginous clay (kaolinite) 
known as tanimanga, now much used for roofing-tiles, is obtained in 
many places, but it seems that it is not of very excellent quality, 
owing perhaps to the large proportion of iron present. Tourma- 
line (schorl and rubellite); corundum, sapphire, spinel, rutile, &c. 
are also found. 


LAGOooNS. 


Any paper dealing with the geology of Madagascar would be in- 
complete without a notice of the remarkable series of narrow lagoons 
which form so prominent a feature in the character of the east 
coast. I have no new facts to mention in regard to these lagoons, 
but their importance demands a word or two of description*. The 
lagoons are formed by the numerous rivers which flow from the 
mountains in the interior in their endeavour to discharge their 
waters into the Indian Ocean. They are found from 16° 52’ to 
22° 25' 8. lat. It seems that there are more than twenty of these 
lagoons between the rivers [vondrona and Matitanana (a distance of 
300 miles), the total length of the isthmuses between them only 
amounting to 284 miles, or about one eleventh part of the whole dis- 
tance. With a comparatively small outlay these lagoons might be 
turned into a continuous canal, which would be an immense boon 
to merchants and others resident in this part of the island. 


CoNCLUSIONS. 


From what has been stated in the preceding pages, it will be 
seen that the eastern half of Madagascar must be classed as one 
of those extensive regions of crystalline rocks known as metamor- 
phic. To what period of geological time, then, do the rocks of this 
region belong, and when were they elevated above the sea ? 

With our present imperfect knowledge of the country, these are 
questions more easily propounded than answered. As there are, so 
far as yet known, no rocks older than Jurassic resting upon them, 
we are left without one of the most valuable aids in helping us to 
determine their antiquity. The rocks, however, present the closest 


* For particulars and maps see M. Grandidier’s paper read before the Aca- 
démie des Sciences. 
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resemblance to those of Archeean regions in other parts of the 
world. ‘They consist of enormous bands of gneiss (with which gra- 
nite is frequently associated), accompanied by beds of magnetic 
iron ore, hematite, mica-schist, clay-slate, quartzite, crystalline 
limestone, serpentine, hornblende-rock, grephite, &c. Indeed, 
throughout this extensive region all the rocks appear to belong 
to the crystalline series; they are, moreover, so far as is known, 
unfossiliferous, though what may await future discovery it is 
impossible to say. In the present state of our knowledge, therefore, 
of the geology of the eastern half of Madagascar, we can only say 
with certainty that the rocks of this region belong to the crystalline 
series, and that, judging from their close resemblance, in character 
and mode of occurrence, to the Archean rocks of North America, 
Scandinavia, and the Scottish Highlands, they will probably here- 
after prove to be Archean. But with these there may not unlikely 
be found highly metamorphosed Cambrian and Silurian strata. 

That this part of the island has been above the sea for an immense 
period is shown by the fact of its rocks having supplied the material 
which formed the extensive Jurassic, Cretaceous, and Eocene beds 
to the west, which lie on them unconformably, as also by the exten- 
sive denudation they have undergone. It may therefore confidently 
be said that the eastern half of the island has been dry land at least 
since early Mesozoic times. The forces which have elevated the 
island have probably been chiefly concentrated on the eastern side. 
This is shown by that side being much steeper than the western, 
and by the fact that the dominant dip of the rocks is towards the 
west. Further investigation will almost certainly reveal the exist- 
ence of numerous faults running in a direction parallel with the 
east coast of the island. One of these faults not improbably exists 
at the western edge of the great Ankay and Antsihanaka plains, 
another immediately to the west of the capital, and another about 
long. 47°. If we may take the fringing coral-reefs*, which 
surround the island for the most part, as implying non-subsidence, 
and the absence of ancient sea-beaches or recent marine deposits 


* Mr. Wallace, in his ‘ Island Life,’ p. 386, says :—‘‘ We have also evidence 
that it [Madagascar] has recently been considerably larger ; for along the east 
coast there is an extensive barrier coral-reef about 350 miles in leneth, and 
varying in distance from the land from a quarter of a mile to three or four 
miles. ‘This is good proof of recent subsidence ; while we have no record of 
raised coral rocks inland which would certainly mark any recent elevation, 
because fringing coral-reefs surround a considerable portion of the northern, 
eastern, and south-western coast.”’ From this it would seem that both barrier 
and fringing-reefs are found on the east coast. But, if I am not greatly mis- 
taken, these reefs are, at any rate for the most part, fringing-reefs. As for the 
raised coral rocks, there are such in the south-west of the island to the north of 
the river Onilahy, about twenty miles inland on the road to Manja; in fact they 
exist, it seems, throughout the southern part of the island. On some parts of 
the east coast the sea has recently but gradually receded several miles, but this 
seems to be owing to the heaping up of sand by the sea, aided by the wind, rather 
than to elevation of the land. Sand and pebbles thus left by the sea may be 
seen as far inland as the foot of Manjakandrianombana, some four or five miles 
west of Tamatave. 
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near the coast as implying non-elevation, we may conclude that 
the island generally is at present stationary. It appears, how- 
ever, that the southern part of the country has undergone recent 
elevation. This is shown by the existence of extensive coral-beds, 
to the accumulation of which, M. Grandidier says, the southern part 
of the island seems to be due. Capt. Larsen says that raised beaches 
may be seen in certain parts of the south-west of the island, and 
Mr. Sibree informs me that he met with them to the south-east. 

Another question of interest is, at what period, if ever, was there 
a land connexion between Madagascar and Africa? That the 
island once formed part of the mainland cannot well be doubted 
when we remember the relationship existing between the faunas, 
and the close affinity between the floras, of Madagascar and the 
adjacent continent. If we accept Mr. Wallace’s theory as correct, 
that the character of the Madagascar fauna points to the separa- 
tion of the island from the mainland previous to the migration into 
Africa from the Euro-Asiatic continent of the higher forms of mam- 
mals, then it follows that Madagascar became an island at least not 
subsequent to the later Pliocene period (for the migration probably 
took place in early Pliocene times, if not even in later Miocene), 
since which it must have remained isolated from the mainland until 
the present day, as the absence of such mammals proves*. More- 
over, during a portion, at any rate, of Eocene (as also of Jurassic 
and Cretaceous) time, the western part of the island was beneath 
the sea, a fact shown by the presence of almost continuous nummu- 
litic limestone on the west coast. From these considerations we 
may conclude that Madagascar was probably connected with Africa 
during some portion or portions or the whole of the time between 
the Eocene and at least the later Pliocene period f (allowing time 
for the migration of the mammals to Southern Africa, which would 
not unlikely keep pace with the gradual refrigeration of the northern 
hemisphere), after which the sea again divided it from the adjacent 
continent, and has kept it isolated to the present day. 

In conclusion I have only to express my regret at the imperfect 
character of the present paper. It only professes to deal in a general 
way, as its title indicates, with a few of the more prominent features 
of the geology of Madagascar. Some of the statements made, it is 
not unlikely, when the region has been more thoroughly examined, 


* That Madagascar has for a very long period been separated from the main- 
land is also proved by the character of its flora; for while about five-sixths of 
its genera of plants are found in other (chiefly tropical) countries, four-fifths 
(if not a larger proportion) of its species are peculiar to the island. This shows 
that a very lengthened period of isolation must have elapsed to have allowed of 
such a large amount of specific differentiation. 

+t This would seem to be confirmed by what we know respecting the Lemurs, 
the Centetidz, and the Civets, which groups compose about five-sixths of the 
Madagascar Mammalia, and the ancestors of all of which existed in Europe 
in early Tertiary times. 1t must have been posterior to the Eocene but ante- 
rior at least to the Pliocene (or later Miocene) period (when the large animals 
were driven southward) that these lowly organized creatures spread as far as 
Madagascar, the existence of which in the island is unaccountable except on the 
theory of a former connexion with the mainland. 
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will require to be modified, and perhaps some of the opinions ex- 
pressed cancelled; and until the region is explored and surveyed by 
practical and competent men we cannot hope to see the geological 
structure of the country properly unravelled or its phenomena fully 
explained. 


EXPLANATION OF PLATE XIII. 


Geological Map of the Northern part of Madagascar, 
(Scale about 80 miles=1 inch.) 


APPENDIX, 


Norses on Fosstts from Mapaeascar, with Descriptions of two 
New Srscres of Jurassic Perecypopa from that Istanp. By 
R. Burren Newron, Esq., F.G.8., British Museum (Natural 
History). 
[Puate XIV.] 


Tusk fossils were referred to me for determination by Dr. Wood- 
ward, F.R.S. 

They are mostly in a bad state of preservation, many of them 
being merely casts. The collection, however, is important as form- 
ing nearly the first series of Malagasy fossils that have ever reached 
this country, and, on this account, we are considerably indebted to 
the collector, the Rev. Richard Baron, for having furnished us with 
material explaining the paleontological history of certain parts of 
Madagascar. ‘The specimens, obtained from various localities in the 
north-west of the island, represent the Eocene, Cretaceous, and 
Jurassic formations. J have included in this Appendix a notice of 
a few fossils kindly lent me by the Rev. Dr. Deane of Edgbaston, 
which were collected several years ago in South-west Madagascar 
by the Rev. J. Richardson of Antananarivo. They consist of Jurassic 
specimens, three of which are in such good condition that I have had 
them figured, one being a new species of Pelecypoda, viz. Sphera 
madagascariensis. 

In drawing up this paper I wish to acknowledge assistance kindly 
rendered me by R. Etheridge, Esq., F.R.S.; G.C. Crick, Esq., F.G:S. ; 
and C. D. Sherborn, Esq., F.G.S., in their respective subjects. 


TERTIARY. 
Pisces. 


Some Fish Otoliths accompanying the coilection were, I am in- 
formed, discovered on the surface of the ground at Ankoala, so, in 
all probability, they are of recent origin, though bodies similar to 
them inform and structure do occur in the Upper Kocene (Barton 
Beds) of Hampshire. 

Mo.tvsca. 
This group is represented by scveral internal casts of Gasteropoda 
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and Pelecypoda. These are not determinable; but they are of un- 
doubted Eocene age, being associated with forms of Foraminifera 
belonging to that period. 


FoRAMINIFERA, 


These have been examined and identified by Prof. T. Rupert 
Jones, F.R.S., and include the following species :— 


1. ALVEOLINA optoneA, d’Orbigny, 1826. (Pl. XIV. figs. 18, 19.) 

The specimen figured is partially imbedded in the matrix, though 
it is well preserved and of large size. The outer layer of the test is 
mostly removed, exhibiting the very fine and close transverse striee 
which occur between the longitudinal flutings. This species is. 
very abundant, and forms the chief feature of the limestone in 
this area. 

Dimensions.—Length=13 millim., maximum breadth=8 millim. 

Eocene (Paris; Bavaria; Egypt). North of Majamba Bay. 


2. Nummutires susp-BeatvmontI, de la Harpe, 1883. 
Eocene (Switzerland). North of Majamba Bay. 


3. NummMutires acutus, J. de C. Sowerby (sp.), 1840. 
Eocene (India). North of Majamba Bay. 


4, Nuwmutites opesvus (Leymerie, MS.), d’Archiac & Haime, 1853. 

Eocene (Southern Europe and Asia Minor). North of Majamba 
Bay. 

5. Nummurires Beavmontt, d’Archiac & Haime, 1853. 

Eocene (Switzerland ; Palestine; Egypt; India). North of Ma- 
jamba Bay. 

6. Numauczires Biartrzensis, d’Archiac & Haime, 1853. (PI XIY. 
fig. 17.) 

The external covering of this specimen is partly removed, show- 
ing a fine natural dissection within. ‘This fractured surface is also 
interesting as exhibiting five separate coatings in its structure. 

Diameter = 12 millim., maximum thickness=5 millim. 

Eocene (Southern Europe; Asia Minor; Egypt; India; Java). 
North of Majamba Bay. 

7. Nummouttres Ramonpt, Defrance, 1825. 

Eocene (France, Germany, Hungary, Russia, Egypt, Arabia Petrea, 
Western Asia, India, &c.). North of Majamba Bay. 

8. AssILINA spIRA, de Poissy (sp.), 1805. (Pl. XIV. fig. 16.) 


Diameter of specimen figured = 18 millim.; largest specimen 
collected = 22 millim. 


Specimen imbedded in the rock, and “ worn or dissolved down so 
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as to show the septa” (Prof. T. R. Jones). It is associated with 
Nummulites Ramondi, Detrance. 
Eocene (Southern Europe and India). North of Majamba Bay. 


9, ORBITOIDES, sp. 
10. Orsrrorrres(?). +} Hocene. North of Majamba Bay. 
11. Roratia (?) 
CRETACEOUS. 


CEPHALOPODA, » 
1. Navrizius Frrront, Sharpe, 1853. 
Upper Cretaceous (England and Germany). Two or three miles 
north of Ambohitrombikely. 
2. BELEMNiTES conicus, Blainville, 1827. 
Neocomian (8. France). Ankaraobato. 


3. BELEMNITES PoLYGONALIS, Blainville, 1827. (PL XIV. figs. 3, 4.) 


The laterally compressed form of this species serves to distinguish 
it from all other Belemnites. The alveolar cavity in our specimen 
is rather more elliptical than round, as is usually the case; but this 
may be due to weathering. The longitudinal impressions are distinct 
on both sides. 

Neocomian (South of France). Ankaraobato. 


4, BELEMNITES PISTILLIFoRMIS, Blainville, 1827. 
Neocomian (South of France). Beseva. 


5, BELEMNITES BINERVIUS, Raspail, 1829. 
Neocomian (S. of France). N.W. Madagascar. 


PELECYPODA. 


6. AtEctRyonta (OstrEa) unevxtaTa, Schlotheim (sp.), 1813. (Pl. 
XIV. fig. 12.) 


There are several specimens to represent this very variable shell ; 
but the specific character is unmistakable in all, that of the smooth 
median space which traverses the dorsal region of both valves. 

Dimensions of specimen figured:—length=65 millim.; width at 
expansion = 26 millim.; width at terminal part of shell =13 millim. 

Upper Cretaceous (Campanien) (England, France, Belgium, Russia, 
Spain, Algeria, Asia Minor, 8. India, N. America, &.). 2 or 3 
miles north of Ambohitrombikely. 


7. ALEcTRYONIA (OstREA) PEcTINATA, Lamarck (sp.), 1806 and 1809. 
(= Ostrea frons, Parkinson, sp., 1811.) 


Upper Cretaceous (Santonien) (England, France, Germany, Russia, 
Algeria). Beseva. 
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8. Atrcrryonta Drsuayzst (?), Fischer, 1835. 


Upper Cretaceous (Santonien) (France, Russia, Algeria, India). 
2 or 3 miles north of Ambohitrombikely. 


9, GryPHmA VEsIcULARIS, Lamarck (sp.), 1806 and 1809. 


Upper Cretaceous (Campanien) (England, France, Russia, Spain, 
Asia, and America), 2 or 3 miles north of Ambohitrombikely, 


10. Exoeyra RATISBONENSIS, Schlotheim (sp.), 1813. 
(= Gryphea columba, Lamarck, 1819.) 


Middle Cretaceous (Carentonien) (England, France, Germany, 
Russia, Spain, Asia). 2 or 3 miles north of Ambohitrombikely. 


JURASSIC, 
CEPHALOPODA. 


1, Bretemnires Savvanavsvs, d’Orbigny, 1842. 
Oxfordian (France). North of Andranosamonta. 


2. PERISPHINCTES (AMMONITES) POLYeYRATUS, Reinecke (sp.), 1818. 
Oxfordian (England; Germany). North of Andranosamonta. 


3. STEPHANOCERAS (AMMONITES) MACROCEPHALUM, Schlotheim (sp.), 
1813. 


Oxfordian (England; Germany; France). North of Andranosa- 
monta. 


4, SrepHanoceras (Ammonites) Herveyi, J. Sowerby (sp.), 1818. 
(CER Vestigs, oL925) | 


This specimen agrees in all its characters with Sowerby’s type. 
The inner volutions are distinct, though somewhat concealed within 
a deep umbilicus; the primary ribs bifurcate and pass over the back, 
where they meet the correspondiug primaries on the other side, with 
a free rib occasionally intervening. Height 37 millim.; width 33 
millim.; diameter of umbilicus 11 millim. It may be remarked 
that this specimen bears a strong resemblance to Ammonites Bainii, 
Sharpe, from the secondary rocks of South Africa. (Trans. Geol. 
Soc. 1856, vol. vil. pl. xxiii. fig. 2, p. 197.) 

Lower Oolite (England; France; Germany). §8.W. Madagascar. 
Collected by the Rev. J. Richardson. 


5. SrEPHANOCERAS (AMMONITES) CALLOVIENSE, J. Sowerby (sp.), 
1815 

Callovian (Britain; N. of France; &c.). 5 or 6 miles south of 
Ankaramy. 
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GASTEROPODA. 
6. Nerira BuvienzerI, Morris and Lycett, 1850. (Pl. XIV. fig. 5.) 


The only difference between the Malagasy shell and this species, 
to which I have referred it, appears to be an absence of the decus- 
sations or transverse lines between the longitudinal ribs. In all 
other characters it agrees perfectly well. 


Lower Oolite (Britain; France). Near Ankoala, 
7. Nerinma (allied to) Euprsi, Morris and Lycett, 1850. 
Lower Oolite (Britain; France). 8.W. Madagascar. Collected 
by the Rev. J. Richardson. 
8. Nerinma (allied to) Votrzi1, Deslongchamps, 1842. 
Lower Oolite (Britain ; France). Near Ankoala, 
9. Narica (allied to) Ivrermep1A, Morris and Lycett, 1850. 
Lower Oolite (Britain; France). Iraony. 


10. Narica (allied to) Vernevixt, d’Archiac, 1843. 
Lower Oolite (England; France). Iraony. 


11. Narica (allied to) crycra, Phillips, 1829. 
Lower Oolite (England; France). Iraony. 


PELECYPODA. 


12. AtnctRyonra (OsTREA) GREGARIA, J. Sowerby (sp.), 1815, var. 
Lower Oolite (England; France; Germany). Near Ankoala. 


13. Ostrea Sowersyi, Morris and Lycett, 1853. 
Lower Oolite (England; France). Near Iraony. 


14, Perna mytitorpeEs, Lamarck, 1819. 
Lower Oolite (England; France; Germany). Ivraony. 


15, Prerorerna costatuLa, Deslongchamps (sp.), 1824. 
Lower Oolite (England; France). Iraony. 


16. Moptora mpricata, J. Sowerby, 1818. 


_ Lower Oolite (England; Germany). 2 or 3 miles north of Ambo- 
hitrombikely. 


17. CyprrcaRpia Rostrata, J. Sowerby (sp.), 1821. 

Lower Oolite (England; Germany). 1 or 2 miles south of Ambo- 
hitrombikely. 
18. Cypricarpra (allied to) sarnontca, @Orbigny, 1850. 


Lower Oolite (England; France). 2 or 3 miles north of Ambohit- 
rombikely. 
Q.J.G.8. No, 178. 2B 
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19. PHotapomya amBieva, J. Sowerby, 1819. 
Lower Oolite (England; France). Iraony. 


20. Ceromya concentRIica, J. de C. Sowerby (sp.), 1825. 
Lower Oolite (England; France). Iraony. 


21. Opts (allied to) rrRIg¢onatis, J. de C. Sowerby (sp.), 1824. 
Lower Oolite (England; France). Ivraony. 


22. Luctna Bettona, dOrbigny, 1849. 
Lower Oolite (England; France). Iraony. 


23. Myopsis pizatvs, Phillips (sp.), 1829. 
Lower Oolite (Britain), Iraony. 


24, Asrarte (allied to) anevrata, Morris and Lycett, 1854. 
Lower Oolite (Britain). Iraony. 


25. AsTaRTE(?) Baroni, n. sp. (PI. XIV. figs. 9-11.) 


Description.—Shell equivalve, very inequilateral, elongately ovate, 
thick, tumid; umbones contiguous and incurved; lunule small, 
oval; anterior sides short, posterior curved and sharply keeled, 
forming the boundaries to a deeply excavated escutcheon, which 
extends from the umbones to the posterior angle, measuring in its 
greatest width 9 millim. 

Dimensions.—Length=35 millim.; height=29; breadth=20. 

This species resembles the Cyprina boloniensis of de Loriol 
(Mém. Soc. Phys. Genéve, 1868, pl. v. figs. 9, 9a, p. 54), but differs 
from it in the greater length and width of the escutcheon-groove, 
which occupies the whole of the dorsal area of the shell; in de 
Loriol’s specimen it extends to within 4 millim. of the posterior 
angle. 

I have placed this species provisionally in the genus Astarte, as 
its dentition is unknown. Certainly it possesses external characters 
more in common with that genus than with Cyprina. 

I propose to name this shell Astarte (?) Baront, in honour of its 
discoverer, the Rev. Richard Baron. 

Lower Oolite. Ankoala. Collected by the Rev. R. Baron. 


26, SPHEZRA MADAGASCARIENSIS, n. sp. (PI. XIV. figs. 6-8.) 


Description (Right valve).—Shell equivalve, subequilateral, solid, 
ventricose ; posterior dorsal and ventral margins rounded, anterior 
dorsal side oblique and deep; hinge-area massive and arched, 
containing two blunt principal teeth separated by a pit, the margin 
of which forms a slight lunular expansion beneath the umbo; 
posterior tooth transverse, the anterior one longitudinal, with 
a somewhat flattened upper surface ; ligament-groove rarrow, round 
and prominent ; small pit-markings are present on the posterior 
lateral extremity of the hinge; surface ornamented with coarse 
concentric furrows. 
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Dimensions. —Length = 47 millim. ; height=47 ; breadth (for both 
valves) =42 millim. 

Observations —The specimen under description consists of a right 
valve, the dentition of which agrees so closely with that of the 
Sphera of James Sowerby that I have no hesitation in placing 
it under that genus. The specific distinctions are, however, 
sufficiently marked to separate it from the type form of Sphera 
corrugata, found in the Neocomian beds of Sandown Bay, which has 
an almost straight hinge-line, with a massive flat expansion at each 
extremity, giving it a very quadrate appearance; it also possesses a 
deep pit situated beneath the posterior expansion of the hinge-area. 
The external surface has, in addition to the concentric furrows, 
close and transverse strie producing a fimbriated character, which 
is not observable in the Malagasy specimen. 

This new shell also differs considerably from the other species of 
Sphera known to occur in the British and Foreign Oolites, chiefly 
on account of its large size and arched hinge-line. 

Lower Oolite, South-west Madagascar. Collected by the Rev. J. 
Richardson. 


BRACHIOPODA. 


1, TEREBRATULA MAXILLATA, J. de C. Sowerby, 1823. 

Lower Oolite (England; France). 8.W. Madagascar. Collected 
by the Rey. J. Richardson. 
2. WALDHEIMIA PERFORATA, Piette, 1856. 

Lias (England; France; Germany). West of Ankaramy. 


3. RHYNCHONELLA (allied to) vartapriis, Schlotheim (sp.), 1813. 
Lower Oolite (Britain; France; Germany; Russia). Near 
Ankoala. 
4, RuyncHonetta (allied to) pricaretta, J. de C. Sowerby (sp.), 
1825. 
Lower Oolite (Britain; France). Near Ankoala. 


5, RHYNcHONELLA (allied to) rerraipra, J. Sowerby (sp.), 1815. - 
Lias (Britain; France; Germany). West of Ankaramy. 


6. RHYNCHONELLA oBSOLETA, J. Sowerby (sp.), 1815. 


Lower Oolite (France; Germany). South-west Madagascar. 
Collected by the Rev. J. Richardson. 


EcHINODERMATA. 


1. Peytacrtnvs (fragment of stem). 
lias? North of Andranosamonta. 


2, AcROSALENTA (fragments of test). 


Lias? North of Andranosamonta. 
Bias 2 
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3. Stomecuinus (allied to) BieRANULARIS, Lamarck (sp.), 1816. 
(Pl. XIV. figs. 13-15.) 


The test of this specimen is more depressed than in the typical 
form, less pentagonal in shape, and the tubercles are rather more 
numerous. The mouth-opening is much injured and incomplete, and 
only one of the notches in the peristome is indistinctly preserved. 
The tubercles are raised on bosses surrounded by smooth areole, 
each areola being encircled by a series of granules. The base of 
the test is ornamented with well-developed tubercles, and is in 
contrast with the comparatively smooth appearance of the upper 
surface. The anal opening is large (5 millim. diameter), and sur- 
rounded by a series of granules which border a well-developed apical 
disc, the details of which are very clear and specific. The perfora- 
tions of the oculars appear to be elongate in shape, in the genitals 
they are round. Two or three granules are also present on the 
ocular plates. ‘The structure of the ambulacral and interambulacral 
areas is much the same as in the species to which I have referred 
this specimen ; the poriferous zones are narrow, the pores being 
arranged in trigeminal] pairs. | 

Dimensions.—Diameter = 37 millim. ; height=22. 

Lower Oolite (England; France). South-west Madagascar. 
Collected by the Rev. J. Richardson. 


Actrnozoa (Corals). 


Tsastrea and, probably, Thamnastrea, the structures of which are | 
badly preserved and indistinct. The former may probably be; 
Isastrea Fischeri (Fromentel, MS.), Fischer, 1873, Comptes Rendus, 
1873, vol. 76, p.113; but as the description of that species is 
unaccompanied by a figure, it is of little value. 

Lias, five or six miles south of Ankaramy. 


EXPLANATION OF PLATE XIV. 


Figs. 1, 2. Stephanoceras (Ammonites) Herveyi, front and side views. 
4, Belemnites polygonalis, lateral view and transverse section. 
5, Nerita Buvignieri, dorsal view. 
6-8. Sphera madagascariensis (n.sp.), exterior, interior, and profile views. 
9. Astarte (?) Baroni (un. sp.), side view. 
10. Ditto, posterior view, showing escutcheon. 
11. Ditto, anterior view, showing lunule. 
12. Alectryonia ( Ostrea) ungulata, dorsal view of left valve. 
13. Stomechinus (allied to) bigranularis, upper surface. 
14. Ditto, apical disk. X 2. 
15. Ditto, ambulacral and interambulacral plates, with poriferous zones. 
x 4. 
16. Assilina spira, 
17. Nummulities biaritzensis. X 2. 
18. Alveolina oblonga. 
19. Ditto, showing transverse striz. X 3. 
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Discussion. 


The Presrpent expressed the Society’s obligation to Mr. Baron; 
a, certain amount was known about the geology of the island, but the 
information was chiefly contributed by the French. He would be 
glad to hear if the crystalline rocks of Madagascar resembled 
those of the Seychelles. Might the beds at the base of the sand- 
stone be representatives of the great Karoo formation? M. Fischer 
had described Jurassic fossils some years ago. Were any of the 
Lower Cretaceous fossils allied to the Neocomian fauna described 
by Krauss and Tate from 8. Africa? It was possible that Mr. 
Wallace had exaggerated the similarity between the Malagasy and 
African faunas; the reptiles especially were very different. He 
inquired whether the flora showed any connexion with that of the 
other side of the Indian Ocean. 

Dr. GeIkizn gave expression to the pleasure with which the 
Society had listened to Mr. Baron’s paper, and hoped the Author would 
return encouraged to renew the researches which he had carried on 
with such industry and success in his distant home. 

Mr. H. B. Woopwarp commented on the interesting discovery of 
so many species of common British fossils in the island; among 
these, Ammonites macrocephalus had been recorded also from India 
and Western Australia. 

Mr. Tortry referred to the intrusive bosses of granite, one of 
which had its porphyritic crystals arranged roughly parallel with 
the line of junction between the granite and the crystalline schists 
near the contact. The shape of the cones also was of great interest. 
He compared the structure of the volcanic district with that of 
Kailima-njaro. 

The Rey. R. Baron, in reply, stated that the fossils described by 
Fischer were those discovered by Grandidier ; they were included 
in the lists appended to the present paper. The sandstone was often 
red and apparently unfossiliferous ; the recent fauna, as a whole, 
seemed largely allied to the African one; and the flora is distinctly 
allied to that of Africa, as he had shown in a paper read before 
the Linnean Society; there was also some connexion with the 
flora of India, the evidence for which was chiefly found near the 
east coast of the island. He did not think there was any con- 
nexion between the floras of Madagascar and Australia. 


340 DR, F. H. HATCH ON THE CHARACTERS OF ROCKS 


19. Nores on the PetroerapuicaL Caaracters of some Rocxs collected 
m Mapacascar by the Rev. R. Baron. By Freprricx H. Harcu, 
Ph.D., F.G.S. (Read March 6, 1889.) ; 


Tue rock-specimens here to be described were collected by the Rev. 
R. Baron during his extensive travels through Madagascar. They 
do not by any means represent the whole of his collection ; but care 
has been taken to make the collection include all the more impor- 
tant types of crystalline and volcanic rocks. 

The paper is divided into two parts, the first dealing with the 
older crystalline rocks, and the second with the comparatively recent 
volcanic eruptions. 


I. THE OLDER CRYSTALLINE ROCKS. 


The mountainous portion of Madagascar, extending from north to 
south through the eastern half of the island, is a ridge of old erys- 
talline rocks, on the western flanks of which sedimentary formations 
have been deposited, and through which volcanic rocks have been 
erupted. Mr. Baron’s collection comprises both foliated rocks 
(gneisses) and rocks in which there is no parallel structure visible 
in the hand-specimen (granite, gabbro or norite, pyroxene-granulite, 
and pyroxenite). 

In the following pages the petrographical characters of these rocks 
will be described briefly, the crder being as here given. 


1. GyeIss. 


Considered petrographically, the specimens of gneiss, collected by 
Mr. Baron, may be divided into an acid and a basic series, the former 
being characterized by the presence of abundant quartz with ortho- 
clase as the dominant felspar, the latter by the subordination of the 
quartz and the predominance of plagicclase felspar. 


a. Acid Series (Granitite-Gneiss). 


To this division belongs a type of gneiss very common in Mada- 
gascar and occurring, for instance, in the immediate neighbourhood 
of the capital. It is a medium-grained rock with a granitoid 
texture, foliation not being very marked in the hand-specimen. 
The orthoclase presents a well-developed microperthite-structure, 
inclusions of triclinic felspar appearing in short oblong patches or 
in long narrow lamelle, according to the direction of the section. 
Besides orthoclase, the rock usually contains a small quantity of 
triclinic felspar (oligoclase), White mica is completely absent. 
Black mica and deep olive-green hornblende occur in moderate 
quantity. The rock therefore has the composition of granitite, 
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and, adopting the method of nomenclature used by Mr. Teall *, I 
propose to call it Granitite-gneiss. Accessory constituents of this 
rock are iron-ore and zircon, the latter occurring in minute prisms 
imbedded in the felspar. 

A very fine-grained light-coloured gneiss, belonging to this series, 
occurs near the mountains of Vombohitra, eighty miles north of 
the capital. In addition to orthoclase and plagioclase, this rock 
contains microcline, distinguishable by its characteristic reticu- 
lated structure. 

Other specimens present a well-marked banded structure. A gneiss 
of this character occurs at a place to the north-east of Lake Itasy; 
it is composed of alternating light- and dark-coloured layers, the 
former consisting mainly of quartz and felspar (microcline, ortho- 
clase, and a little oligoclase), the latter being rich in biotite. This 
rock contains apatite as an accessory constituent. Another banded 
rock occurs at the village of Ambohidratrimo, ten miles N.W. of the 
capital. Small red garnets occur in this rock. 


b. Basie Series (Tonalite-Ginevss). 


A dark-coloured gneiss, from Antoby, near the mountain Vavavato, 
seventy miles 8.W. of the capital, may be taken as a type of this 
series. It is a well foliated rock, consisting of lenticular layers of 
black ferro-magnesian minerals alternating with thinner bands of 
quartz and a striated felspar. 

Hornblende occurs in large plates and in small irregular flakes. 
Its pleochroism is as follows: —- 


oh, 


ll ll I 


ut 


Fe 
ui 


straw-yellow ; 
rich grass-green ; 
bluish green. 


y>Pb>a. 
Maximum extinction-angle =15° 


Associated with the hornblende is a uniaxial brown mica, occur- 
ring in thin plates. This mica is strongly pleochroic; rays vibrating 
parallel to a being pale yellow, those parallel to 6 and y, blackish 
brown. 

Magnetite and zircon occur as accessories. 

The effects of mechanical metamorphism may be traced in this 
rock in a mosaic-like aggregation of granules of secondary quartz 
and felspar, surrounding the primary felspar-crystals, and con- 
trasting with them by their greater freshness and pellucidity. 


2. GRANITE. 
The specimens of granite collected by Mr. Baron belong chiefly to 
the granitite type, that is to say, they contain only dark mica. 
Only one specimen (from the mountain Vombohitra, eighty miles N. 


* Quart. Journ. Geol. Soc. vol. xliv. 1888, p. 314, 
Tt Axes of elasticity. 
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of the capital, a boss protruding through gneiss) was found to be 
granite with two micas. This rock is a moderately coarse-grained 
ageregate of grey translucent quartz, pink orthoclase, microcline 
and oligoclase, together with a small quantity of muscovite and 
biotite, the latter altering to chlorite. Magnetic iron-ore occurs as 
an accessory constituent. 

Granitites occur at the following localities :—a place from 10 to 15 
miles N.N.W. of the town of Mandritsara (220 miles N. of the 
capital); near the mountain Votovorona, in the district Vakin’ 
Ankaratra, immediately 8.W. of the capital; and, as a dyke, near 
the village of Ambohipiara, 12 miles N.W. of the capital. 

These are all medium-grained rocks, composed of pale grey quartz 
and reddish felspar, with interspersed lustrous plates of black 
mica. 

With the aid of the microscope the following felspars were 
distinguished :—orthoclase, containing included patches and lamelle 
of triclinic felspar (microperthite), microcline and oligoclase. The 
mica is a dark, small-angled variety, pleochroic in the following 
tints: a=pale yellow, 6 and y=greenish brown to vandyke-brown. 
It is rich in inclusions, in the neighbourhood of which the pleo- 
chroism is much intensified (‘ pleochroic borders” or “ halos”). 
Among such inclusions were observed granules of quartz, needles 
of apatite, sphene and minute crystals of zircon. Interesting as 
showing that mica is sometimes of later formation than both quartz 
and felspar is the fact that the former is sometimes found in allotrio- 
morphic plates (in the rock from the first-mentioned locality) filling 
in the interspaces between these minerals, and retaining uniform 
optic orientation over considerable areas. 

The specimen from Ambohipiara contains a green hornblende in 
addition to the mica (hornblende-granitite), 

Sphene is the most abundant accessory constituent in these rocks. 
It occurs in rather large, slightly rounded grains of a pale brown 
colour, and contains included granules of felspar, proving that sphene 
(one of the earliest minerals produced in consolidation) was still 
separating from the magma when the felspar began to form. 


3. OLIVINE-NoRITE (Rosenbusch) ; Hyprrite (Tornebohm). 


This rock occurs, according to Mr. Baron, in large hills, protru- 
ding through the gneissose rocks on the north-east border of the 
plain of Antsihanaka, immediately north of the town of Ampara- 
faravola, about 110 miles N.E. of the capital. 

It is a dark-coloured rock of granitoid texture, remarkable, in 
the hand-specimen, for the vitreous lustre of its perfectly trans- 
parent felspar. It is composed of the following minerals :—plagio- 
clase, hypersthene, olivine, brown hornblende, and green spinel. 

The plagioclase occurs in allotriomorphic grains of varying size. 
It is twinned polysynthetically, on both albite- and pericline-types. 
The curvature of the twin-lamelle, which is accompanied by an 
increase in the amount of striation and a marked “ undulose ” 
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extinction, is probably an effect of dynamic metamorphism. The 
-extinction-angles indicate a basic felspar (labradorite or anorthite). 
Inclusions of gas and liquid are abundant; they are arranged along 
planes which intersect at varying angles and bear no apparent 
morphological relation to the enclosing crystal. Besides these inclu- 
sions, which are, comparatively speaking, large, there is also present 
in the felspar a fine dusty material which, under the highest powers, 
is incapable of distinct resolution and, under low powers, produces a 
slight turbidity. These minute bodies have every appearance of 
being original, and the enclosing felspar is perfectly fresh and un- 
altered, Similar dust-like inclusions in felspar have been described 
by numerous authors, recently by G. H. Williams* in the hyper- 
sthene-gabbro of Baltimore. 

The pyroxene occurs in irregular masses, wedged in between the 
felspar-grains. Since it presents no crystalline contours, exact 
optical determination is impossible, but its properties are those cha- 
racteristic of hypersthene. It possesses, for instance, the strongly 
marked pleochroism peculiar to this mineral (reddish brown to pale 
sea-green), and exhibits also, in places, an accumulation of thin 
brown plates, the orientation of which along definite crystallogra- 
phic planes determines the metallic sheen which distinguishes 
the hypersthene of plutonic rocks from that occurring in volcanic 
lavas. In certain spots in the crystals the development of plate-like 
inclusions has been so great as to produce a fibrous appearance. In 
these places the pleochroism is also considerably intensified. 

Brown hornblende is occasionally associated with the pyroxene. 
This mineral forms irregularly contoured masses, which present a 
well-developed prismatic cleavage and contain inclusions of iron-ore. 
Its pleochroism is strong, rays vibrating parallel to a being pale 
yellow, those parallel to 3 a rich reddish brown. 

The olivine is quite fresh, with the exception that along the 
cleavage-cracks it is stained with hydrated oxide of iron. Some 
of the prisms are packed with granular and rod-like inclusions, 
showing a parallel arrangement. Occasionally the olivine-grains 
present a double zoning, the innermost layer being hypersthene, 
succeeded by a fringe of a pale green, fibrous hornblende (actinolite). 
Similar cases of zoning have been described by A. E. Tornebohm 7, 
Frank D. Adamst, G. H. Williams §, and J. J. H. Teall |]. 
G. H. Williams calls the zones “ reactionary rims,” and regards them 
as representing a reaction between the olivine and the felspar, while 
the latter was undergoing crystallization, the amphibole and pyroxene 
being intermediate products. 


* The ‘“‘ Gabbros and associated Hornblende-rocks of Baltimore,” Bull. U.S. 
Geol. Survey, No. 28, 1886, p. 21. 

tT “Ueber die wichtigeren Diabas- u. Gabbro-Gesteine Schwedens,” Neues 
Jahrb. 1877, p. 383. 

{ “The Anorthosite Rocks of Canada,” Brit. Assoc. Rep. March 1886, p. 666, 
also ‘ American Naturalist,’ Nov. 1885, p. 1087. 

bs “ Peridotites near Peakskill, NC YS, » eae Journ. of Sci. (3) vol. XEKi. (1886) 


ir ° pitish Petrography, p. 176. 
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Dark-coloured grains of irregular shape, having a metallic lustre 
in reflected light, but which are translucent with a deep green 
colour, belong to the spinel-group (pleonaste or hercynite), 


4, PyRoXENE-GRANULITE (Lehmann) ; TRAP-GRANULITE (Naumann). 


Specimens of this rock were obtained by Mr. Baron from the vil- 
lage of Ambohibao, four or five miles N.W. of Antananarivo, where 
it occurs in masses in the gneiss. It is a dark-coloured crystalline 
and granular aggregate, in which glassy, striated felspar, red garnet, 
and a predominant jet-black material can be distinguished with the 
unaided eye. No parallel structure is visible in the hand-specimen. 
In both macroscopical and microscopical characters it is very similar 
to the pyroxene-granulites that occur in such abundance among the 
metamorphic rocks of Saxony *, Brittany t, and Sutherlandshire t. 
It is also related to the hypersthene-gabbros of Baltimore described 
by G. H. Williams$; these, however, contain no garnet. True 
pyroxene-granulites with garnet occur, however, according to Wil- 
liams, at Claymont, Del., U.S. 

Under the microscope the following minerals were detected :— 
plagioclase, pyroxene, hornblende, garnet, and iron-ore. These 
minerals form a holo-crystalline, granulitic aggregate, in which 
granules of one and the same mineral show a tendency to group 
together; in all cases the structure is allotriomorphic, the boun- 
daries of each mineral being formed by those of its neighbours. The 
felspar is a plagioclase of ideal freshness and perfect clearness. It 
presents well-developed twin-striation (on both the albite- and the 
pericline-types) and high extinction-angles, and probably belongs to 
the labradorite series. 

The predominating mineral is pyroxene. It occurs usually in 
rounded grains, which occasionally enclose lath-shaped portions of 
the felspar. It rarely presents crystalline contours. On rotation 
of the section over the polarizer the greater proportion of the grains 
are found to be strongly pleochroic (a and G=red tints; y=pale 
green); but a considerable number remain of an unvarying grass- 
green colour. The latter are certainly a monoclinic pyroxene— 
omphacite or diallage; while there is very little doubt that the 
pleochroic mineral is hypersthene. It exactly resembles, for instance, 
the rhombic pyroxene of the Baltimore gabbros, which has been 
isolated and submitted to analysis by Williams ||. 

The hornblende is a dark-coloured, greenish-brown variety occur- 
ring in isolated, irregularly shaped grains. The pleochroism is as 
follows:—a=bright straw-yellow; G@=dark greenish brown; y= 
deep brownish green. 

* E. Dathe, “Die Diallaggranulite der sachsischen Granulitformation,” 
Zeitschr. d. deutschen geol. Ges., 1877, p. 274; J. Lehmann, “ Die Entstehung 
der altkrystallinischen Schiefergesteine,’ Bonn, 1884, p. 228. 

t+ Ch. Barrois, “ Les Pyroxénites des Iles du Morbihan,” Ann. Soc. Géol. du 
Nord, xv. 1887, p. 69. 


t “ Recent Work of the Geol. Survey in the N.W. Highlands,” Q. J. G.S. 
1888, p. 388. 
§ Bull. U.S. Geol. Survey, No. 28 (1886). || Loe. ctt. 
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The most striking constituent of the rock is the garnet. It occurs 
in irregular grains, which are of much greater size than the remaining 
minerals. In thin section they are pale pink; but in the hand- 
specimen they have a bright reddish-brown colour. Inclusions of 
pyroxene and iron-ore are not unfrequent; felspar also occurs, but 
rather more rarely. 


5. DIALLAGE-HYPERSTHENE-Rock (Pyroxrnite, Dana). 


Rocks of this composition occur in the valley at the eastern foot 
of the mountain of Ambiniviny, 200 miles N. of the capital, and at a 
place 20 miles 8.E. of the village of Andranosamonta, N. Mada- 
gascar. They are finely granular and holocrystalline rocks and 
composed of green striated monoclinic pyroxene (diallage) and 
a strongly pleochroic rhombic pyroxene (hypersthene). By the 
addition of olivine these rocks would, and doubtless do, pass into 
peridotites and thence into picrites, norites, and gabbros. The 
name pyroxenite, first used by J. R. Dana*, who applied it to rocks 
very similar to the one described, is a very suitable designation 
for this type of rock. Barrois +, however, has used this name to 
designate rocks which he admits to be typical pyroxene-granulites, 
thus creating a needless redundancy in terminology. JDoltert, 
who also adopted the term pyroxenite for a variety of magma- 
basalt (viz. those without olivine), has since, at Rosenbusch’s sugges- 
tion, abandoned it in favour of ‘‘ augitite.” 

Pyroxenites (Dana), of the Madagascar type, occur as members 
of the Cortlandt series on the Hudson River, near Peekskill, N. Y.§. 
Williams also mentions their occurrence among the Baltimore 
rocks || ; and of these he intends, I believe, soon to publish an account. 
Mr. Teall informs me that these interesting rocks are also found 
in the Gneissose series of the Highlands of Scotland. 


II. THE VOLCANIC ROCKS. 


The volcanic rocks here to be described have been erupted mainly 
from vents occurring in the older crystalline rocks. These vents are 
very abundant in the near neighbourhood of the high mountain of 
Ankaratra, which is itself of volcanic origin. For instance, in the 
region immediately to the west of Lake Itasy, at the western foot 
of the mountain, there are numerous extinct volcanoes, with craters, 
lava-streams, and all the usual accompaniments of intense volcanic 


* “Geol. Relations of the Limestone Belts of Westchester Co., New York,” 
Amer. Journ. Sci. (8) xx. (1880) p. 197. 
Tt “Les Pyroxénites des Iles du Morbihan,”’ Ann. Soc. Géol. du Nord, t. xv. 
(1887) p. 69. 
t ‘ Die Vulcane der Capverden,’ Graz, 1882, p. 137, and Neues Jahrb. 1883, i. 
. 404. 
§ “On the Norites of the ‘Cortlandt Series’ on the Hudson River, near 
Peekskill, N. Y.,” Amer. Journ. Sci. (3) xxxiii. (1887) p. 194. 
|| ‘The Gabbros and associated Hornblende-rocks of Baltimore,” Bull. U.S, 
Geol. Survey, No. 28 (1886), p. 55. 
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activity. Again, near Betafo, some 50 miles to the south of this 
district, there 1s a group of a dozen or more volcanoes. Volcanic 
rocks also occur sporadically as dykes, lava-flows, and dome-shaped 
hummocks in other parts of the island*. The greater proportion 
of the lavas are basaltic; but trachytes and andesites also occur. 
The basalts are here taken first. 


1. Basatrts. 


They may be divided, according to their mineralogical composi- 
tion, into the following groups :— 


(a) Olivine-basalt. 

(6) Olivine-basalt with hornblende and biotite in porphyritic 
crystals (hornblende-olivine-basalt). 

(c) Olivine-free basalt with porphyritic hornblende (hornblende- 
basalt). 

(d) Basalt with hornblende as a constituent of the ground-mass, 

(¢) Felspar-free basalt (magma-basalt, liimburgite). 


a. Olivine-basalts. 


Basaltic lavas, rich in olivine, are of frequent occurrence among 
the volcanic rocks of Madagascar. The specimens, here described in 
detail, were collected at a lava-stream at the south foot of the 
voleano of Iavoko, the largest of the group of volcanoes in the 
neighbourhood of the village of Betafo, 80 or 90 miles 8.S.W. of 
the capital. 

This rock, which is slightly vesicular in the hand-specimen, is 
found, when examined with the microscope, to be composed mainly 
of a dark brown ground-mass, speckled over with innumerable 
minute granules of magnetic iron-ore, but containing granules of 
augite and olivine and, in lesser quantity, small needles of striated 
felspar. Unaltered glass does not appear to be present ; for, under 
high powers, the brown interstitial matter is resolved into a plexus of 
colourless or faintly tinged microlites which, despite their minute 
size, Show indications of double refraction. 

Olivine and augite also occur in porphyritic crystals. Those of 
the first-named mineral are for the most part sharply contoured, 
sometimes giving six-sided sections (those in the zone (010), (001)). 
Finely marked cleavage-cracks parallel to (010) and (001) were 
observed. In some cases the interior of the crystals is filled with 
dark-coloured glassy material similar to the external base, with 
which it is usually connected by a narrow canal; detached inclusions 
of the same substance are also not unfrequent (figs. 1,2). Some 
fine examples of interpenetration-twinning were observed (see figs. 3 
and 4). The twinning-plane is (011)7. Fluidal movements in 


* For full particulars as to the occurrence of the volcanic rocks, see Mr. 
Baron’s paper. 

+t Kalkowsky, ‘‘ Ueber Olivinzwillinge in Gesteinen,” Zeitschr. fir Krystall. 
und Min 1838) x. 7p: 17 
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the rock while in the molten condition are indicated by the presence 
of fractured crystals. 

The augite, which, in thin sections, is of a pale purplish-brown 
colour, seldom occurs in well-shaped crystals. As in the “ glomero- 
porphyritic” structure of Prof. Judd, the grains are frequently 
so aggregated as to entirely exclude the ground-mass. Here 
and there a more decided “ centric structure’ is produced by the 


Fig. 1.—Corroded Olivine 
with glass-enclusion. 


Fig. 2.—Corroded Olivine 


with glass-inclusion. 


Fig. 4.—Twin of Olivine. 
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radiate grouping of augite-individuals around a central grain of 
olivine. Enclosed in the augite are abundant granules of magnetic 
iron-ore and glass. Less frequent are microlites of a colourless 
mineral (apatite). 

Occurring sporadically are grains of quartz with liquid-inclusions. 
These grains have suffered considerable corrosion in the basic magma 
in which they floated; for their contours are rounded off, and they 
are surrounded by a narrow zone (what the Germans call a Schimelz- 
zone) of minute yellowish microlites (? augite), evidently produced 
by achange in the chemical composition of the magma. 

The sporadic occurrence of corroded grains of quartz in basalt has 
been noticed by several observers, who, as a rule, have regarded them 
as inclusions of foreign quartz taken up by the lava during its 
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eruption. J.S. Diller* and J. P. Iddings‘, however, have recently 
argued against this notion. They consider them to be indigenous 
to the basalt, having separated at an early period in the rock’s 
history, probably before its eruption and under conditions of pressure 
and “chemical equilibrium” at variance with those that obtain at 
the surface t. If this be so, the law of increasing acidity during 
consolidation cannot be universally true. With our present know- 
ledge it is difficult to conceive olivine erystallizing out from a magma 
from which quartz has already separated §. 

A very similar olivine-basalt, but without the quartz, forms the 
highest peak (Tsiafajavona) of the mountain of Ankaratra. 

An olivine-basalt from Antongodrahoja, 120 miles N.N.W. of the 
capital, approximates to an andesitic type. The felspar is abundant 
and porphyritic, the crystals are of a prismatic habit, giving rect- 
angular sections parallel to the long axis, and square cross-sections. 
As in the andesites, the felspars contain much included matter, glass 
and iron-ore. A pale-brown augite occurs in allotriomorphic grains, 
sometimes penetrated by a felspar lath (see fig. 5). Olivine is sub- 


Fig. 5.—Grain of Augite penetrated by a felspar-lath. 


ordinate. The ground-mass is a mesh of felspar-microlites, together 
with granules of augite, particles of iron-ore, and patches of inter- 
stitial glass (the “ hyalopilitic ” structure of Rosenbusch). 


* “The Latest Volcanic Eruption in Northern California and its peculiar 
Lava,” Amer. Journ. Sci. (3) xxxiii. 1887, p. 45. 

t “On the Origin of Primary Quartz in Basalt,” ibid. xxxvi. Sept. 1888, p. 208. 

+ Mr. Iddings suggests the influence of water-vapour at a great pressure. 

§ In his latest work (‘Theoretische Geologie,’ p. 214) Dr. E. Reyer offers 
an ingenious explanation of this unnatural association. On account of its 
suggestiveness I give the passage in his own words:—‘‘Ich vermute, dass es 
sich hier tiberhaupt nur um Grenzgebiete zwischen sauren und basischen 
Schlieren handelt, wo heterogene Associations-Kreise fortwahrend einander 
begegnen. Tritt die Mischung erst kurze Zeit vor dem Erstarren ein, so kann 
natiirlich jene absurde Association erhalten bleiben.” 
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The doleritic type is also represented. Such a rock occurs, for 
instance, at Mojanga on the north-west coast of Madagascar. In 
this rock there is a marked ophitic structure, large allotriomorphic 
grains of augite being penetrated by prisms and microlites of felspar ; 
the rock is nearly holocrystalline, glassy matter being present only 
in thin films between such felspar needles as are not enclosed in 
the augite. 

A very curious rock, which, though diverging widely from the 
normal structure of the olivine basalts, may here be conveniently 
described, occurs three or four miles east of the village of Feno- 
arivo, in the district of Valalafotsy, 60 miles west of the capital. 

It is a compact rock composed of augite, felspar, olivine, and 
macnetite. 

The most abundant constituent is augite. This mineral occurs 
in small, sharply contoured, prismatic crystals of a pale brown colour. 
Under the microscope the crystals give lath-shaped sections with 
pyramidal terminations. Twinning parallel to (100) is frequent. 
In several cases it is polysynthetic, as in the triclinic felspars. The 
extinction-angle has a maximum value of about 42°. 

These little crystals of augite are imbedded in a matrix of felspar. 
The latter presents no trace of twin-striation. In places it is slightly 
kaolinized. The relation between the felspar and augite may be said 
to be “ ophitic;” but it differs from that structure, as represented in 
the dolerites, in that in the case under consideration the felspar 
is moulded upon idiomorphic crystals of augite, instead of augite 
upon felspar, as in the dolerites. Similar relations between felspar 
and augite have been described by Rosenbusch * in reference to 
vogesites, and by Teall + in certain Scotch traps. 

The order of consolidation in the Madagascar rock appears to 
have been as follows :— 


Maenetite. 
Ist phase 4 Olivine. 2nd phase .. Felspar. 
Augite. 


b. Olivine-Basalé with Hornblende and Brotite in Porphyritic 
Crystals. (Hornblende-olivine-basalt.) 


A rock of this composition occurs in the volcanic region west of 
Lake Itasy. Its predominant constituent is augite, occurring in 
large black erystals, imbedded in a slightly vesicular ground-mass, 
the latter being made up of microlites of felspar, granules of olivine, 
augite and iron-ore, together with asmall quantity of interstitial 
glass. 

Under the microscope the augite appears sometimes in irregular 
masses, sometimes in characteristic, octagonal sections, bounded by the 
faces (110,100,010). Included material is abundant, namely:—glass, 
magnetite, olivine, and, more rarely, a microlite of brown hornblende. 


* Die massigen Gesteine, 1887, p. 316. 


tT British Petrography, 1888, pp. 188, 194, 214. 


350 DR. F. H. HATCH ON THE CHARACTERS OF ROCKS 


The crystals almost invariably show zonal structure, being composed 
of successive isomorphous layers, in which there is a gradually in- 
creasing difference in chemical composition, directly influencing the 
position of the axes of elasticity: the extinction between crossed 
nicols is consequently not uniform; it takes the form of a dark 
shadow, which on rotation of the section moves from the centre 
outwards towards the periphery. In one instance a difference of as 
much as 20° was measured between the peripheral layer and the 
central portion. Even in ordinary light a difference between the 
peripheral and centrai portions can sometimes be distinguished, 
the former being of a deeper tint than the latter. In sections 
parallel to the vertical axis the central portion often simulates the 
shape of an hour-glass (see fig. 6). This structure has been 
explained in the following way :—During the consolidation of the 
rock the augite first separates in skeleton-crystals of the shape of 
an hour-glass. Later on the depressions in the sides of these become 
filled in by augitic material of a slightly different composition and 
possessing, in consequence, an optical character deviating from that of 
the first-formed central portion. A curious instance of zoning in 
augite is shown in fig. 8. Twinning parallel to the orthopinacoid 


Fig. 8.—Zoned Augite. 
Fig. 6.—Hour-glass Fig. '7.—Augite with 
structure in Augite. glass-inclusion. 
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is of frequent occurrence. In some cases this is polysynthetie, 
as in triclinic felspar (see fig. 9); in one case two twins are united 
along a common face (fig. 10). 

Among the earliest minerals to separate were the hornblende and 
mica. Of these minerals, however, the major portion has undergone 
resorption into the molten magma during the later stages of consoli- 
dation. In some cases there remain small fragments, encircled 
by a broad zone of the products of fusion (Schmelzzone). In 
the case of the hornblende this secondary material usually retains 
perfectly the original form of the crystals after which it is pseudo- 
morphous. It consists of: 1, opaque particles (magnetite); 2, doubly 
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refractive granules (augite); and 3, reddish-brown strongly pleochroic 
microlites (hornblende). Brown pleochroic microlites have been 
observed in the fusion-zones around hornblende by Werweke *, 
Sommerlad t, and Hyland {, all of whom agree in referring them 
to hornblende. 


Fig. 9.—Augite with twin-lamella. 
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Fig. 10. 
Twinned Augite. 


The hornblende is of the common basaltic type (basaltine). It is 
strongly pleochroic in the following colours :— 


a = pale straw-yellow. 
y>( = yellowish brown. 


The mica is a dark-coloured, strongly pleochroic variety (biotite). 


ce. Olwine-free Basalt with Hornblende in Porphyritic Crystals. 


A lava-stream of the volcano Kasige, in the volcanic region to the 
west of Lake Itasy, has this composition: it is a black and finely 
vesicular rock composed of small porphyritic crystals of augite, horn- 
blende, and apatite, imbedded in a brown ground-mass, which, 
besides glassy matter, contains abundant needles of striated felspar, 
microlites of augite, and minute granules of magnetic iron-ore. 
Under a high power the glass appears globulitic and, in places, 
fibrous, the latter appearance being due to the presence of numerous 
minute hair-like bodies (trichites). 

Peculiar to this rock is the extraordinarily large amount of apatite. 
This mineral occurs in unusually fine large prisms, showing pyramidal 
terminations and giving hexagonal cross-sections. Longitudinal 


* “Beitrag zur Kenntniss der Gesteine der Insel Palma,’ Neues Jahrb. 
1879, p. 824. 


t * Ueber hornblendefihrende Basaltgesteine,” Neues Jahrb. Beilage-Band ii. 
1883, p. 139. 


t “‘ Ueber die Gesteine des Kilimandscharo und dessen Umgebung,” Tscher- 
mak’s ‘ Min. u. petr. Mith.’ x. 1888, p. 236. 


Q.J.G.8. No. 178. 2G, 
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sections present the cross-jointing parallel to the basal plane and the 
central accumulation of inclusions in the direction of the vertical axis, 
characteristic for apatite. The mineralogical composition of the 
rock is that of an augite-andesite; but its structure is basaltic, 
the felspar being confined to the ground-mass, while the augite is 
porphyritic. With the exception of the absence of olivine it differs 
in no essential respect from the basalt described in section b. 


d. Basalt with Hornblende as a Constituent of the Ground-mass. 


The rock placed under this head is a basalt of rather unusual 
type. It occurs in one of a series of dykes on the sea-coast at Am- 
bodimadiro, on the north-west coast. Originally vesicular, its cavities 
have become infilled with fibrous zeolites and calcite. The powdered 
rock effervesces strongly with hydrochloric acid ; and on standing in 
the cold, gelatinous silica separates. No cubes of salt being formed 
in the solution when evaporated, the zeolites must be lime-zeolites 
(scolecite, phillipsite). 

The chief porphyritic constituent of the rock is augite in nu- 
merous large and well-shaped crystals, which are partially invaded 
by serpentinous and calcareous alteration-products. Plagioclase also 
occurs porphyritically ; but its crystals are few and small. 

The ground-mass is a plexus of felspar-laths, between which are 
scattered numerous small crystals and needles of brown hornblende 
and granules of magnetic iron-ore. Interstitial glassy matter 
could not be detected. 

In its general character the rock much resembles a tephrite ; and an 
attempt was made to prove the presence of nepheline. But the fact 
that the hydrochloric-acid solution of the powdered rock gave no 
cubes of salt, tends to negative this supposition. After etching and 
treatment with fuchsine, however, a number of small specks retained 
the colour ; and it is quite possible that these may be granules of 
nepheline. 

It is an interesting fact with regard to this rock that, while augite 
appears as a porphyritic constituent, hornblende is present only 
in the ground-mass, thus reversing the usual order of things. 
The occurrence of hornblende as a constituent of the ground-mass 
of basalts has been mentioned by C. Chelius *. 


e. Felspar-free Basalt (Magma-basalt, Boricky). 


Belonging to this class is a black, compact, semi-vitreous rock, 
from a laya-stream near the village of Ambohipolo, in the volcanic 
region to the west of Lake Itasy. 

In thin section this rock appears as a clear brown glass, containing 
numerous microlites and crystals of augite and magnetite, the 
latter in square and lozenge-shaped sections, varying in diameter 
from :006 mm. to ‘086 mm. Olivine is rare. The augite is pale 

* ¢Hrlauterungen zu Blatt Messel und Blatt Rossdorf der geolog. Karte 


des Grossh. Hessen.’ Darmstadt, 1886. Rosenbusch, Die massigen Gest. 
vol. ii. p. 711. . 


COLLECTED IN MADAGASCAR BY REY. R. BARON. oe 


yellow in colour. Its crystals are remarkably well contoured ; they 
are bounded by faces out of the prismatic zone, terminated by a 
dome or hemipyramid. 

Large pseudomorphs after hornblende occur sporadically. They 
are crowded with minute cubes of iron-ore, distributed uniformly 
through the crystal-section (see fig. 11). Between crossed nicols 


Fig. 11.—Fused Hornblende-crystal recrystallized as Magnetite 
and Augite in Maqma-basalt. (x 70.) 
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they usually give aggrezate-polarization. The polarizing substance 
resembles augite, probably produced by a melting-down of the 
hornblende substance. 

A few grains of quartz, similar to those already described, are met 
with occasionally. The corroded grains are surrounded by a zone 
of colourless glass containing augite-microlites ; this is succeeded by 
a second zone of brown glass, containing microlites and crystals of 
augite, together with granules of magnetite (see fig. 12). 


Fig. 12.—Quartz-grain melted down and surrounded by light and 
dark zones of Glass with Augite-microlites. 


The amount of glass increases in certain parts of the rock. The 
elongated shape of these more vitreous portions points to fluidal 
movements during the hardening of the rock. The central portions 
of these patches are often filled with a network of minute, opaque 
trichites, crossing one another at angles of 60°, 90°, and 120° (fig. 18). 

Felspar-free basalts or magma-basalts (Boricky) have a wide-spread 
occurrence. They have been described, for instance, from the 
Kaiserstuhl (Rosenbusch), the Rhon and Vogelsberg (Biicking), 

2.0.2 
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Bohemia (Boricky), Cape Verd (Dolter) and, quite recently, from 
Kilima-njaro (Hyland). 

For those rich in olivine Rosenbusch has used the term limburgite ; 
while the olivine-frec type has been designated augitite by Dolter. 
The rock from Ambohipolo lies between the two, since olivine is 
present but in very small quantity. A type more nearly allied to 
the limburgites occurs near the mountain of Vavavato. This rock 
consists of a ground-mass composed of glass, augite, and magnetite, 
in which are imbedded numerous porphyritic crystals of perfectly 
fresh olivine. a Des 


Fig. 13.—Trichites in brown Glass of Magma-basalt, (x 300.) 


2. TRacHytEs an» ANDESITES. 


Trachytic rocks occur among the volcanic rocks of Madagascar ; 
but they are not so well represented as the basalts in Mr. Baron’s 
collection. Deserving of mention, however, are specimens of sani- 
dine-trachyte from the top of Ambohitrakoholahy, a peak of 
Ankaratra. 

This trachyte is a greyish-white rock, rather compact, but still 
rough to the touch. It contains porphyritic crystals of glassy sanidine 
imbedded in a ground-mass composed almost entirely of minute 
microlites of felspar, the arrangement of which in wavy lines imparts 
to it a marked fluxion-structure. Other constituents are very 
sparingly present: a few small crystals of hornblende and biotite, the 
original substance of which is almost completely replaced by opaque 
iron-ore ; red specks of hematite and disseminated particles of iron- 
ore complete the list. 

A columnar trachyte occurs at the south-west foot of Ankaratra. 
This rock differs from the preceding in the nature of the ground-mass, 
which, instead of being microlitic, is composed of minute, depolariz- 
ing particles (felspar) in cryptocrystalline aggregation. In this 
ground-mass are scattered isolated granules of magnetite and small 
prisms of green hornblende. Sanidine occurs in numerous por- 
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phyritic crystals. The presence of hornblende in the original magma 
is marked by pseudomorphs of iron-ore. 

Andesitic lavas occur at Andranonatoha and on a hill in the 
volcanic region to the west of Lake Itasy. They are of a darker 
colour than the trachytes, namely, greyish brown. They contain 
striated felspar, which generally gives lath-shaped sections, but also 
occurs in large irregular masses, imbedded in a ground-mass com- 
posed of prisms of yellowish-green augite, granules of magnetite, 
and microlites of felspar. A glassy base does not appear to be 
present, unless it be as extremely thin films between the felspars of 
the ground-mass. Large porphyritic crystals of hornblende floated 
in the molten magma when it was first erupted: but they have 
been converted into granules of iron-ore ; and only small fragments 
of the original hornblende-substance remain to mark its former 


presence. 


To summarize briefly, we have found the older crystalline series 
of Madagascar, as represented by Mr. Baron’s collection, to consist 
of foliated rocks (which are described as granitite-gneiss and tonalate- 
gneiss), and rocks in which no trace of foliation can be detected, 
comprising granite, olivine-norite, pyroxene-granulite, and pyroxentte. 
The majority of the granites are of the granitite type, but true granite 
(i. e. granite with two marcas) also occurs. The basic members of the 
unfoliated series are interesting on account of their striking mineral 
combinations. The clear aspect and bright colouring of their con- 
stituent grains often make them objects of surpassing beauty when 
viewed under the microscope. Of deeper interest is the fact that 
these basic types, so well known in other areas of crystalline schists, 
—in Saxony, Brittany, Scandinavia, Scotland, and on the Hudson 
River—constitute in Madagascar, as at Kilama-njaro on the adjacent 
mainland, so large a part of the ancient floor on which the sedimentary 
rocks were laid down and through which the volcanic lavas were 
erupted. 

The volcanic rocks consist mainly of basaltic types, only a few 
specimens of trachyte and andesite being represented in Mr. Baron’s 
collection. The basalts vary, as regards composition, with respect 
to the presence or absence of quartz, olivine, porphyritic and micro- 
litic hornblende, and biotite. One curious type contains idio- 
morphic crystals of hornblende as a constituent of the ground- 
mass. <A felspar-free variety or magma-basalt is also represented. 
This rock contains only a small quantity of olivine, and is therefore 
intermediate in composition between the limburgite of Rosenbusch 
and the augitite of Dolter. 
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20. On the Drntirion of Leprporus maximus, Wagner, as illus- 
trated by SrEctmens from the Krurrmper Cray of SHorovEeR 
Hitt, near Oxrorp. By Roserr Eruerimesr, Esq., F.RS., 
F.G.8., and Henry Witert, Esq., F.G.8. (Read January 23, 


1889.) 
[PuatTe XV.] 


THE specimens upon which this paper is founded were obtained ly 
one of us(Mr. Henry Willett) from the Kimeridge Clay of Shotover 
Hill, and at no great distance from each other, although at ditferent 
times—two in the spring and one in theautumn of 1887, and the 
fourth in the spring 1888. The size and perfection of these speci- 
mens are alone sufficient to warrant their being brought under the 
notice of the Society; but, besides this, one of them appears to 
represent a distinct species, probably new to England, if not also to 
the Kimeridgian fauna of France. 
The species of Lepidotus known in England are as follows :— 


Lepidotus fimbriatus, Ag. ......... \ 
ks GPUGGS,, BEC aie santas | 
ee pectinatus, Egert. ...... \ Lias. 
a TUGOSUS, NBs 0s 4-cdek ces | 
5 senuserratus, Ag. ...... ) 
n tuberculatus, Ag. ...... y ; 
> unguiculatus, ie eee } gi 
: macrochirus, Egert. ... Oxford Clay. 
me maximus, Wagn. ...... ) Kimeridge Clay and 
. PANO AG Sipe mht J Portland Rocks. 
. LLL aie: aan Purbeck. 
. Maniellt, Ag..........0-. 
fe Fitton, (ag Heesegseh ss: } Wealden: 
:, punctatus, Egert. ...... Upper Chalk. 


Section LEPTOGANOIDEL. 
Suborder LEPIDOSTEOIDEI, 


The Lepidosteoid Fishes range from the Permian to the present 
day. They are represented in the Permian rocks by the genus 
Acentrophorus. The following genera range through the British 
Secondary rocks :— 


Trias: Semionotus, Ag. ; Sawrichthys, Ag. 

Lias : Semionotus, Ag.; Lepidotus, Ag.; Dapedius, Ag.; Eugnathus, Ag.; 
Tetragonolepis, Ag.; Heterolepidotus, Egert.; Pholidophorus, Ag. ; 
pa Ag.; Ptycholepis, Ag. ; Nothosomus, Ag.; Aspidorhyn- 
chus, Ag. 

Great OOLITE: “Mesodon, Heck.; Pycnodus, Ag.; Gyrodus, Ag.: Lepidotus, 
Ag. ; 

Corat Rac: Gyrodus, Ag.; Pycnodus, Ag. 

Kimermnce Cray: Gyrodus, Ag.; Pycnodus, Ag.; Lepidotus, Ag. 

PortLanp OouiTe: Pycnodus, Ag.; Ophiopsis, Ag.; Lepidotus, Ag. 
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Purpeék Bens: Mesodon, Heck. ; Pycnodus, Ag. ; Celodus, Heck. ; Microdon, 
Ag.; Lepidotus, Ag.; Pholidophorus, Ag.; Plewropholis, 
Egert. ; Histionotus, Egert.; Ophiopsis, Ag. 

Weatpren: Celodus, Heck.; Lepidotus, Ag. 

Neocomian: Gyrodus, Ag.; Periodus, Ag.; Celodus, Heck. 

Gautt: Pycnodus, Ag. 

U. Greensann: Celodus, Heck. 

Cuatk: Gyrodus, Ag.; Acrotennus, Ag.; Placodus, Dixon ; Lepidotus, Ag. 

Lonpon Cray: Pycnodus, Ag.; Gyrodus, Ag. 


Many species of Lepidotus attain a large size. Lepidotus maximus, 
Wagn. (=Spherodus gigas, Ag.), from the Lithographic Stone of 
Solenhofen in Bavaria, measures over 5 feet in length and 2 feet in 
depth of body; while LZ. Mantelli, Ag., from the Wealden Series 
(Hastings Sand) is nearly, if not quite, of equal dimensions. 

The similarity of the teeth in Spherodus and in the larger species 
of Lepidotus (such as L. maximus) induced Agassiz to abolish the 
the latter genus (but with hesitation) in 1869. Prof. Owen, how- 
ever, from the microscopic structure of the teeth, regarded the two 
genera as distinct. On the other hand, many continental paleon- 
tologists have rejected the genus Spherodus as being founded in 
error. : 

Lepidotus maximus, Wagn. (=Spherodus gigas, Ag.), has been 
found in the Exogyra-virgula stage of the Kimeridge Clay at both 
Shotover and Kimeridge, but hitherto only separate teeth have been 
recorded. Palatal and dentary teeth, equalling in perfection those 
described and figured by Pictet and Jaccard, and Sauvage, and illus- 
trating so much of the dentition, have never previously been obtained 
in England. 

The White Jura of Schnaitheim is remarkable for the identity of 
its fish-fauna with that of the Virgulian beds of the Neuchatel 
Jura, and in both L. maximus occurs. Prof. John Phillips noticed 
Spherodus gigas (=L. maximus) as associated with Hxogyra vir- 
gula and Ostrea deltoidea in the Kimeridge Clay of Shotover, in 
both the upper and lower zones of which the species has now been 
found. : 

Of the four specimens referred to in the present paper No. I. (in 
two pieces) comprises the upper dentition, which may belong to the 
same individual as No. IV. Under any circumstances the specimens 
belong to the same species. 18 teeth occur in the two fragments 
of No. I., the larger posterior portion containing five, and the 
smaller anterior one seven teeth, while the underside of the latter 
shows six teeth. 

No. II. contains two teeth, an upper and a lower, belonging to 
the same species as No. LV. 

No. III., probably the right dentary bone, appears to belong to 
a distinct species. It is remarkably perfect, and exhibits sixteen 
teeth, of which the successors of no fewer than six are exposed 
on the underside. The marginal series comprises the seven smallest 
teeth, those placed most inwardly being the largest. Compared with 
the dentary bone of those species of which that element is already 
known, the fossil approaches most closely to Lepidotus maximus, 
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Wagn.; but the bone is broader in proportion to its length, and the 
teeth are more numerous *. 

No. IV. This corresponds undoubtedly to Spherodus gigas, 
Ag. (L. maximus, Wagn.), so well described and figured by Pictet 
and Jaccardt. The dentition of this specimen does not, however, 
appear to belong to the left upper jaw, but to the dentary bone. 
Figs. 1c and ld of pl. viil. of Pictet and Jaccard exhibit the 
successional teeth; and figs. 1a and 16 the upper and lower 
surfaces. 

The upper surface of No. IV. (Pl. XV. fig. 1) contains 17 teeth, 
and the lower or successional series (fig. 2) consists of 15=32 in 
position. Pl. XV. fig. 3 shows a successional tooth in process of 
reversal. 


EXPLANATION OF PLATE XV. 


Fig. 1. Lepidotus maximus, Wagn., dentary bone, upper surface with 17 teeth. 
2. The same, lower surface with 15 teeth. 

3. Section through an upper anda lower or successional tooth, showing 
the reversal of the latter in progress. 


All the figures of the natural size. 


Discussion. 


The Prestpent thanked Mr. Etheridge for bringing forward a 
species of such interest, and an addition to the fossil fauna of Great 
Britain. 

Mr. Suita Woopwarp stated that we were able now to compare 
the British specimens with the Continental ones. Sir P. Egerton, 
about twenty years ago, supposed that he had teeth of the form 
described on a Pycnodont vomerine bone from the English Kim- 
eridge Clay, and thus considered that Spherodus had no relation 
with Lepidotus. It now appears that this determination was 
erroneous, and that the Continental view is correct. 

Prof. Sretey mentioned that the teeth had long been among the 
commonest fossils from the Potton beds, and the succession of the 
teeth was first shown in those fossils, but the specimens were not 
comparable with those exhibited. 

Mr. E. T. Newton spoke of specimens of Lepidotus from the 
Wealden, which also showed this remarkable reversal of the teeth, 
and thus indicated a close affinity between the Wealden Lepedotus 
and the Kimeridge Clay, so-called, Spherodus. 

Mr. Eruerince wished to record the indebtedness of the Society 
to Mr. Willett. He considered the Potton fossils remaniés from the 
Kimeridge Clay. 


* See H. E. Sauvage, Mém. Soc. Géol. France, sér. 3, vol. i. pp. 1-17, pl. i. 
fig. 2. 

+ Pal. Suisse, vol. for 1860, ‘ Reptiles et Poissons fossiles, &c., pp. 35-41, 
pls. 8, 9, 4, pl. 18. 1. 
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21. The Basats of Evernracrinipz. By F. A. Batuer, Hsq., B.A., 
F.G.S., of the British Museum (Natural History). (Read 
April 3, 1889.) 


In the course of my paper on Z'rigonocrinus * I had occasion to 
refer to the views held by various writers as to the position of the 
basals in the Eugeniacrinide. As the question was then gone into 
thoroughly, and as the occasion is so recent, it is unnecessary to 
recapitulate the arguments there employed. Suffice it to say that 
I adopted the opinions of Prof. E. Beyrich 7 and Prof. K. von Zittel + 
in preference to those of Mons. P. de Loriol § on the one hand, and of 
Dr. P. H. Carpenter || onthe other. Dr. Carpenter, who was present 
at the reading of my paper, and joined in the discussion, was not 
wholly convinced by my arguments; at the same time he admitted 
that, if the specimens alluded to by Beyrich and v. Zittel showed the 
course of the axial canals to be as described by those authors, then 
I should be entirely justified in following their views as to the 
basals, anomalous though the said views appeared to him to be. 

I had already spoken to Prof. v. Zittel on the subject and could 
not doubt the accuracy of his observations any more than his good 
faith. The sceptical attitude, however, maintained by Dr. Carpenter 
in all his discussions with me, both private and public, induced 
me to write to Prof. v. Zittel; for it should be remembered that 
neither Beyrich nor y. Zittel had ever described the actual specimens 
on which they based their conclusions, and that they had not given 
any figures or even diagrams. The only figure ofimportance in this 
connexion which I could find was that given by Goldfuss @ ; this, 


* “ Trigonocrinus, a new Genus of Crinoidea, from the ‘ Weisser Jura’ of 
Bavaria,” etc. Quart. Journ. Geol. Soc. vol. xlv. pp. 149-171, plate vi., Feb. 
1889 ; see especially pp. 156-160. 

t Zeitschr. deutsch. geol. Ges. xxi. p. 835 (Berlin, 1869). 

- + Handb. der Palaontologie, Palaozool. I. i. p. 885 (Miinchen, 1880). 

§ Monogr. Crinoides Foss. de la Suisse, 3rd part, Abh. schweiz. pal. Ges. vi. 
pp. 196-97 (Geneva, 1879); and Paléont. Frangaise; Invertébrés; Terrain 
Jurassique, xi. 1’* partie, Crinoides, pp. 74-75 (Paris, 1882). [I was perhaps 
a little unjust to M. de Loriol in my previous paper. He has expressed his 
views more clearly in a letter, written on receipt of the Abstract of the present 
paper, under date 20 April, 1889. 1am glad to beable to quote his remarks :— 
** Vorganisation des canaux, si admirablement conservée dans les pieces de 
M. Zittel, témoigne évidemment qu'il y a en des piéces basales a une certaine 
phase de développement del’ Hug. caryophyllatus. Maisil estnon moins certain 
qu’a état adulte il n’y a, dans cette espéce, aucune trace quelconque de basales. 
J’en ai examiné une assez grande quantité pour m’en convainere; on n’en voit 
pas trace non plus dans aucune autre espéce. On peut done dire avec vérité 
que les Hugéniacrines a l’état adulte sont dépourvus de piéces basales. Leur 
structure est telle qu’il n’y a aucune possibilité pour elles de se loger.” April 
25, 1889.] 

|| ‘“On the supposed Absence of Basals in the Eugeniacrinide,” etc., Ann. 
& Mag. Nat. Hist. ser. 5, xi. pp. 827-334 (London, May 1883); and Report 
‘Challenger, Zoology, vol. xi. part xxxii; Crinoidea, I. Stalked Crinoids, 
p. 227 (London, 1884). 

{| ‘ Petrefacta Germaniz,’ etc. (Dusseldorf, 1826-1833), pl. 1. f. 3, d. Copied by 
F, A. Bather, “ Zrigonocrinus,” ete. loc. cit. pl. vi. f.9. 
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however, though it favoured v. Zittel’s view, did not agree with 
it at all points. Wishing to put the keystone to my argument, I 
therefore requested Prof. v. Zittel to send me some sketch or dia- 
gram, that I might publish it on his authority as an illustration to 
my paper. With a courteous generosity for which I cannot suffi- 
ciently thank him, he replied by sending, not only a further eluci- 
dation of his description, but also the specimens themselves. Owing 
to a mistake in the postal address, the specimens were in England 
for six weeks before they came into my hands; I was therefore 
unable to incorporate their evidence with my previous arguments. 
I should have thought it unnecessary to trouble the Society with 
any remarks of mine upon these specimens, had not circumstances 
abundantly proved the great need for a published figure with 
detailed description: for, be it remembered, science was acquainted 
with the bare conclusions of Beyrich and v. Zittel before de Loriol 
and Carpenter attacked the subject. 

The specimens so kindly lent to me by Prof. v. Zittel consist. of eight 
dorsal cups, more or less perfect, of Hugeniacrinus caryophyllatus, 
from the ‘‘ Weisser Jura e” (Quenstedt) of Engelhardtsberg, N. of 
Streitberg. The fossils are partially silicified, and weathering and 
acids have removed all portions not so preserved. Thus the external 
shell of each first radial, both inside and out and along the suture- 
line, remains like a box. The bounding surfaces of the canals 
which penetrated the once solid radials were equally exposed to the 
silicifying fluid: hence the canals remain as a system of branching 
tubes passing through the space of the now hollow radials*. In no 
specimen is the system quite intact ; some of the best are represented 
in figures 1-4, and an accurate description of each specimen so figured 
is given iu the explanation of the engravings (facing p. 362). From 
the various evidence of these specimens is reconstructed the perfect 
figure (fig. 5). It is thus seen that v. Zittel’s account is absolutely 
correct. The axial canal of the stem passes up into the radial 
circlet, and gradually widens; at a sbort distance below the floor of the 
calycal cavity it gives off 5 interradial branches ; these soon bifurcate, 
and the adjacent secondary branches converge. Before they meet, 
each secondary branch gives off towards the periphery of the dorsal 
cup a very short side-branch; this side-branch connects the secon- 
dary branch from which it springs with a ring-canal, which con- 
tained the interradial and intraradial commissures. From the level 


* [Note, April 25,1889. This mode of preservation is peculiar but not 
unique; a dorsal cup of Millericrinus, sp.,in the British Museum (49210), 
said to come from Nattheim, shows the canals in the same way. Replacement 
of calcite by silica, though not impossible, is by some considered improbable. 
Results so nearly the same as to be undistinguishable might be obtained from 
the interpenetration of the reticular calcareous tissue of the Echinoderm 
skeleton by silica, and the subsequent removal of the calcite. The brilliant, 
opaque whiteness of the present specimens, and the texture of their surface, 
favours this explanation. Such a process can only have taken place soon after 
death, before any infiltration of calcite had taken place. ‘The silica in the 
specimen of Millericrinus is, in places, distinctly crystalline ; but this may be 
due to secondary changes. | 
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of this ring-canal the secondary branches continue to converge more 
slowly, and do not, as arule, meet to form one radial canal until 
just before the upper articulating surface of the first radial is 
reached. This arrangement, of aie the weathered specimens 
alone afford sufficient proof, has been confirmed by Prof. v. Zittel 
from the evidence of thin transverse sections. 

The argument as to the position of the basals, founded on the 
evidence thus afforded, is as follows :—In every Crinoid in which the 
course of these canals has been traced, with the exception of Bathy- 
crinus, the axial canal passes up into the basals, and there gives off 
five interradial canals ; these interradial canals branch during their 
passage through the basals; the secondary branches pass into the 
radials, and there the adjacent secondary branches unite into radial 
canals. In Bathycrinus the interradial canals are likewise given 
off into the basals, and the only difference is that they pass some 
little distance up between the radials before diverging into secon- 
dary branches. The induction therefore is that the basals invariably 
contain the interradial canals, and, conversely, that the position of 
the interradial canals indicates that of the basals. In Hugenia- 
crinus the interradial canals originate in the middle of the radial 
circlet ; we therefore infer that the basals have passed up between 
the radials, and as we can find no actual trace of them, we must 
suppose that they have been absorbed by the radials. Or perhaps, 
as Prof. v. Zittel writes in his letter of December 24, 1888 :— 
‘Die Basis muss somit durch Ueberwucherung der Radialia ganz 
nach oben gedraingt worden sein, und bildet wahrscheinlich im 
Grunde des Kelches eine kleine Rosette, wie bei Antedon.” 

To obviate certain difficulties which this view appears to some to 
present, it might possibly be argued that Hugencacrinus is arranged 
on an extension of the Bathycrinus type. In other words, that the 
top stem-joint is, as Carpenter supposed, the homologue of the fused 
basal ring, and that the axial canal passes right through this, 1uto 
the radials, before branching. This explanation would perhaps be 
more anomalous than the anomaly it explained; but, apart from 
that, the assumption has nothing to support it. On the contrary, 
in Bathycrinus, as in Rhizocrinus, which approaches it in this 
respect, there are no interradial commissures; the need for them 
seems to have vanished owing to the very high point at which the 
interradial canals branch; in fact the branches themselves act as 
commissures. But in Hugeniacrinus there is evidence of these in- 
terradial commissures ; the ring-canal was complete; the arrange- 
ment was more primitive than that of Bathycrinus, and no argument 
from analogy can hold good. 

If any recent form is 0 be compared with Hugeniacrinus, 1b must 
be Holopus; for the Holopodide are by all placed close to the 
Kugeniacrinide. Here unfortunately the evidence is incomplete ; 
but, such as it is, 1t lends no countenance to the idea that the rela- 
tion of the canals to the calyx follows the arrangement that 
obtains in the Bourgueticrinide. The extinct fossil Holopodide 
throw no further light on this question. At the same time such 


362 ON THE BASALS OF EUGENIACRINIDZA, 


forms as Hudesicrinus and the somewhat similar, though aberrant, 
Pheatocrinus, show how the basals may have gradually passed up 
into the hollowed aboral end of the radial circlet. A hollow of like 
nature is seen at the aboral end of the calyx in Hugeniacrinus 
Moussoni. These facts afford no positive proof as to the origin of the 
structure in Hugeniacrinus, but they render any comparison of the 
top stem-joint in Eugeniacrinus with the fused basals of Holopus 
valueless as an argument. 

The structure above described for Hugeniacrinus is, according to 
v. Zittel *, also found in Phyllocrinus and, with the necessary modi- 
fications due to tetrasymmetry, in Tetracrinus. 

The ideas which were thrown out in the concluding paragraph 
of my paper tT have received strong support from the conclusions 
contemporaneously arrived at by Messrs. Wachsmuth and Springer + 
in a most important paper, an author’s copy of which reached me 
this morning (February 19th). While dropping altogether the 
distinction between Palocrinoidea and Neocrinoidea, they are 
strongly inclined to refer Holopus among other recent genera to 
the Larviformia. With Holopus would naturally go Ludesicrinus 
and Hugeniacrinus. 


DiscUssion. 


The PrestpEent observed that the Author’s account of the valuable 
assistance given to him by Prof. von Zittel’s kindness was peculiarly 
appropriate on the occasion of Prof. v. Zittel’s election as a Foreign 
Member. 

Mr. Percy Stapen remarked that the specimens exhibited by 
Mr. Bather were so remarkable, on account of the preservation of 
internal anatomy, that they cut away the ground from the opinions 
which he had previously held. 

Dr. Hine asked how the canals, which now appeured as silicified 
tubes traversing a hollow cavity, had been thus preserved. 

The AvTHor, in reply, stated that during life a canal, filled 
only with animal tissue, pierced each solid plate ; the outer layer of 
calcite had been replaced by silica, and the inner portions subse- 
quently removed by weathering and acids. 


* Handb. d. Palaont. i. p. 386. 

t Loc. cit. p. 167. 

t “ Discovery of the ventral structure of Taxocrinus and Haplocrinus, and 
consequent modifications in the Classification of the Crinoidea,” Proc. Acad. 
Nat. Sci. Philad. vol. for 1888, pp. 337-363, pl. xviii. (Philadelphia, 1889). 


| Zo face p. 362. 


agrams of three recent crinoids showing the course of the 
e plates. Drawn in the same position as fig. 5, for direct 
plates are simply outlined, the canals are shaded. 


il ¢ 


e normal type. 7. Rhizocrinus; no ring-canal. 8. Bathycrinus ; 
branches pass up between the first radials; no ring-canal. 


Jiagrammatic ground-plans of the usual pattern. The 
he radials merely outlined, and the canals, where they pass 
are in solid black. 


10. Rhizocrinus. 11. Bathycrinus. 12. Eugeniaecrinus : 
here is of course theoretical, as the basals cannot be dis- 
in the adult. 


QI & yol. xlv. | [Zo face p. 362. 


Figures 6-8. Diagrams of three recent crinoids showing the course of the 
canals through the plates. Drawn in the same position as fig. 5, for direct 
comparison. ‘The plates are simply outlined, the canals are shaded. 


" 
Figures 1-4. Drawings ad naturam, X 5 diameters, of specimens of 


Hugeniacrinus caryophyllatus trom Engelhardtsberg. 
Figure 5. Semidiagrammatic, x10 diameters. 


Fig. 6. 


Fig. 6. Pentacrinus ; the normal type. 7. Rhizocrinus; no ving-canal. 8, Bathycrinus ; 
the interradial branches pass up between the first radials; no ring-canal. 


Figures 9-12. Diagrammatic ground-plans of the usual pattern. The 
basals are shaded, the radials merely outlined, and the canals, where they pass 
through the plates, are in solid black. 


aN 


Fig. 3. 


Fig, 1, The wall and bottom of the radials being partly broken away, the canals 
are seen thickly coated with silica. This specimen merely indicates 
that the axial canal does not branch till it enters the radial circlet. 

2, Another specimen, seen from below. ‘he five radial branches are seen, 
though obscured by silica; the lower part of the canals is broken 
away. 

3. Portion of a dorsal cup from which two radials haye been removed. 
The thin shell, which is all that remains of the once solid radial, is 
broken away on the right. Traces of the interradial branches are 
seen proceeding from the axial canal. 

4, This specimen shows the canals yery clearly, as it is not so much 
obscured by silica. The outer wall is drawn as more broken away 
than it is in the specimen. In addition to the interradial canals, 
secondary branches, and radial canals, this shows the short side 
branches and traces of the ring-canal. ‘This latter is indicated by 
the spreading out of the side branches at their distal ends. The 

_ uboral end is uppermost in the figure. 

5. A reconstructed figure, semidiagrammatic. The hollow shell of the 
radials is broken open and the internal structure disclosed. ‘The : ' 
ring-canal is moyed rather more to the oral surface than it is in Fig. 1. Fig. 12. 
nature, so as to display the several branches. 
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Fig. 9. Pentacrinus. 10. Rhizocrinus. 11. Bathycrinus. 12. Hugeniacrinus: 
the shading here is of course theoretical, as the basals cannot be dis- 
tingnished in the adult. 
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22. On the Action of Purr Wattr, and of Water saturated with 
Carsonic Acrp Gas, on the Mrnerats of the Mica Famiry. By 
ALEXANDER JoHNsTONE, F.G.S., Assistant to the Professor 
of Geology and Mineralogy in the University of Edinburgh. 
(Read February 20, 1889.) 


Iy papers which have been published in the ‘ Transactions’ of the 
Royal and Geological Societies of Edinburgh *, the Author has 
already given preliminary accounts of certain of his researches 
into the nature of the action of water saturated with carbonic acid 
gas on the following mineral and rock substances :—Orthoclase, 
oligoclase, labradorite, muscovite and biotite, hornblende, augite, 
olivine, steatite, magnetite, hzematite, calcite, siderite, and statuary 
marble (crystalline limestone). 

In the present communication he wishes to give some details of 
observations noted, and results of experiments carried out, while 
engaged in recent investigations into the nature of the changes 
produced by pure distilled water, and also by water saturated with 
carbonic acid, on the principal members of the mica family of 
minerals. 


CLASSIFICATION OF THE Micas., 


It is convenient for all ordinary purposes to arrange the micas 
into two great classes. Division 1. comprehends the varieties which 
are anhydrous or practically so; Division II. includes the micas 
which are most distinctly hydrated. 


Division I. 


In this section the micas generally known as muscovite (inclu- 
ding lepidolite &c.) and biotite (including phlogopite and lepido- 
melane &c.) are placed. They are specially characterized by the 
possession of a splendent or shining lustre, and of a high degree of 
elasticity in their fine lamine. Normai specimens of these varieties 
contain usually from about 1 to 1:9 per cent. of water, and none 
belonging properly to this division have more than 2°5 per cent. of 
that liquid in their composition. They pass, however, quite gradu- 
ally, by the increase of water from 2°5 to 5 or 6 per cent., over into 
the next division, known as the hydromicas. 


* “ On the Action of Carbonic Acid Water on Minerals and Rocks,” Trans- 
actions Edinburgh Geological Society, vol. v. p. 282. ‘On the Action of 
Carbonic Acid Water on Olivine,” Proceedings Royal Society of Edinburgh, 
No. 127. “The Prolonged Action of Sea Water on Pure Natural Magnesium 
Silicates,” Proceedings Royal Society of Edinburgh, No. 128. 
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Division II., or Hydronucas. 


The micas assigned to this section are, in general appearance, 
quite similar to those of the first division, except that they show a 
less splendent degree, and a more pearly kind, of lustre, and are 
wanting in elasticity or at least have that property poorly deve- 
loped. The fine lamine are in many specimens somewhat talc-like 
in being tough and flexible, but in other cases are distinctly brittle, 
as can be proved by their quickly breaking to pieces when pressed 
between the finger and thumb. ‘The “ feel” is usually more or less 
greasy. The hardness and density are generally slightly less in 
this section than in Division I. 

Margarodite, gilbertite, damourite, and sericite are mineralogists 
names for varieties possessing the same composition as muscovite, 
differing from the latter mineral merely in containing at least about 
5 per cent. of water. All of these varieties, it is evident enough, 
ought to be known under one term. The common name proposed 
for them by the Author is hydromuscovite. 

Paragonite is a hydromuscovite with soda replacing part or all of 
the potash. 

Voigite is the usual mineralogical name for a hydrous mica 
having the same composition as biotite, and which therefore the 
Author prefers to call hydrobiotite. 

The minerals usually termed vermiculite and jeffreysite are other 
examples of hydrobiotites. 

Fahlunite and the micaceous chlorites are related to the hydro- 
biotites. 

In the Table on p. 365 the Author has attempted to give in a 
concise form his classification of micas. 


? 


EXPERIMENTAL AND OBSERVATIONAL. 


Two pieces of muscovite, detached from a larger piece *, having, 
as ascertained by analysis, the chemical composition given below, 
were suspended, one in a wide-mouthed vessel containing two litres 
of pure distilled water, and the other in a like vessel containing 
two litres of distilled water saturated with carbonic acid gas. These 
two muscovite fragments, which were equal in weight, were allowed 
to hang completely immersed for a whole year (from October 1, 
1887, to October 1, 1888) in their respective liquids. The liquids, 
which had an average temperature all the year round of about 60° 
Fahr., were gently agitated almost every alternate day during the 
period of immersion for about ten minutes at a time. 

When the specimens at the end of the year were removed from 
their baths they were observed to have changed physically in much 
the same manner and to nearly the same extent. They had super- 
ficially dimmed considerably in lustre, had decreased slightly in 
hardness, and had lost a good deal of their original elasticity and 


* Which was removed from the heart of a large compact mass of granite. 
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toughness. In fact their physical characters were now seen to be 
identical with those of some of the natural less hydrated varieties 
of hydromuscovite. The vessels in which the two specimens had 
been suspended were found to have on their bottoms a little fine 
mica-dust, which, by the action of the water, aided very likely by 
the atmospheric air, had been detached from the original solid masses 
during their twelve months’ exposure to those fluids. 

There was about the same quantity of this muscovite dust in the 
vessel which contained the pure distilled water as there was in the 
vessel which held the carbonated water. Besides the dust which 
had gathered on the bottoms of the vessels, numerous and very 
much finer mica-spangles were observed by means of the microscope 
to be suspended throughout the body of the fluids. Doubtless they 
were in the act of very slowly descending to the bottoms of the jars. 

The waters in which the muscovites had lain were then separately 
and very carefully filtered again and again through several folds of 
the finest filter-paper, until no undissolved or suspended solid 
matter whatever remained in the liquids. Both the waters were 
then evaporated to dryness in different basins, and not a grain of 
solid residue was observed to be left behind in either case, showing 
that nothing had been removed from the muscovites in a state of 
solution, either by the pure water or by the water saturated with 
carbonic acid gas. 

The two specimens of muscovite which had been thus experi- 
mented with were afterwards analyzed and their analyses compared 
with that of the mass to which they had originally belonged. These 
three analyses are given below: I. of fresh Muscovite, II. of Mus- 
covite after lying in distilled water for a year, III. after a year’s 
immersion in carbonic-acid water. 


f Bs ile LE Ge 

Silica Zee eee 47-76 46°95 46°33 
Alumina 5 4c ou Sage 34°45 34°86 
Potash Seca o- 9-91 9-62 9-85 
Ferric Oxide .... 3°95 3°84 3°69 
Magnesia..22.... 0-80 0-77 0-83 
SOda §... 2s wee eee trace. trace. trace. 
Waters). eee. 2-43 4-19 4-49 
99-98 99-82 99-98 


Tt will be seen from the above analyses that all the chemical 
change effected in the muscovites by their twelvemonth’s immersion 
was hydration, and that the hydrating process went on as readily 
in the pure water as in the water-solution of carbonic acid gas. In 
fact in both cases the specimens were equally rapidly converted 
into hydromuscovites. 

Compare the analysis which is now given of one of the lower 
natural hydromuscovites with the analyses II. and III. above. 
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IV. Analysis of a Hydromuscovite (Margarodite). Duna. 
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Two pieces of biotite were in like manner exposed for a year to 
the action of water, pure and carbonated. Fine mica-dust, the 
minute flakes of which had the same general forms as those obtained 
from the muscovite, was also observed at the bottom of each of the 
vessels at the end of the period of immersion ; but in this case that 
containing the carbonic-acid water appeared to have a distinctly 
larger amount of dust than the vessel filled with pure water. 
When the biotite-mica dust which had been formed by the action 
of the pure distilled water and air was examined, it was found 
that all the minute plates had become distinctly hydrated, had been, 
in fact, converted into hydrobiotites. No other change, physical or 
chemical, seemed to have taken place. The biotite dust, however, 
which had formed in the carbonic-acid water showed some impor- 
tant changes. ‘The minute spangles had all become thoroughly 
hydrated as in the above case; but they had, besides, become consi- 
derably lighter in colour. Some of the more highly decolorized flakes, 
when examined by polarized light, now exhibited practically no pleo- 
chroism, whereas the very finest plates detached from the portion 
of the mineral which had not been exposed to the action of either of 
the waters were distinctly dichroic, as also were those which had 
lain in the pure distilled water only; so that the result of the pro- 
longed action of the carbonated water on the minute biotite flakes 
detached from the suspended mass had been to convert them into 
ordinary hydromuscovites. Superficially, the suspended biotite masses 
were found, like the minute flakes, to have lessened in degree of 
lustre and slightly in hardness, to have lost considerably in tough- 
ness and elasticity, and to have acquired a more or less unctuous 
feel. ‘he solid fragment of biotite which had been placed in the 
carbonated water likewise showed slight decoloration or bleaching 
on the edges of the superficial lamine. The mass which had hung 
in the pure water showed no such change. An examination was 
next made of the liquids to the action of which the biotites had 
been subjected. Both were separately and very carefully filtered 
from their solid contents and evaporated to dryness in separate 
dishes. The pure distilled water passed off without leaving any 
residue, showing, as in the case of the muscovites, that the only 
chemical change resulting from its action on the biotite was that of 
hydration. 
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In the water of the other vessel, however, which was saturated 
with carbonic acid gas, distinct traces of the bases magnesia and 
iron were found in a state of solution, so that when the liquid 
was evaporated down the substances remained behind, as whitish 
carbonates *, to form a very small, but quite distinct, residue. The 
biotite which had been exposed to the action of the carbonated 
water had then, evidently, besides undergoing hydration, been chemi- 
cally decomposed to a slight extent. 

Here follow three analyses; the first (V.) of the original fresh 
biotite, the second (VI.) of the specimen of biotite which had been 
subjected to the action of the pure water, and the third (VIL.) of 
the biotite which had been suspended in the carbonic-acid water :— 
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The third analysis (VII.) shows a decided loss of magnesia and 
iron. It seems to the Author that if his experiments had run on 
for a score of years instead of one, even the suspended mass of 
biotite in the carbonated water would, at the end of that period, 
by the continued loss of magnesia and iron, have shown a decided 
resemblance, both chemically and physically, to any ordinary hydro- 
muscovite. Possibly many of the hydromuscoyite scales found in 
hornblende-schists, gneisses, and granites may originally have been 
biotites which have undergone alteration in the manner described. 

The Author has also subjected lepidomelane to the action of pure 
and of carbonated water. In the former case hydration only re- 
sulted; but in the latter liquid, in addition to hydration, loss of 
iron was brought about by the action of the carbonic acid. 

When any ordinary hydrobiotite, such as voigtite, vermiculite, or 
pyrosclerite, was exposed for a lengthened period to the action of 
carbonic-acid water, it was noted that the mineral invariably 
lost a portion of its magnesia and iron, which were first, by the 
action of the carbonic acid gas, converted into carbonates, and then, 
as such, removed in solution. 

In concluding, it appears to the Author that a fact, which he has 
by careful observation ascertained, should be recorded here, viz. 
that whenever anhydrous micas, or lower-hydrated micas, become 
hydrated, or more highly hydrated, they always at the same time 
ancrease in bulk, This fact may help to explain what has never 
been well understood, the nature and an important cause of the 
rapid weathering of micaceous sandstones. 


* After exposure to the air for a day or so, this residue darkened and 
browned somewhat, owing, of course, to the oxidation of the iron present. 
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23. On the Asuprineron VoLcaNnic SERIES of SourH Devon. By the 
late ARrHuR CHAMPERNOWNE, Esq., M.A., F.G.8.* (Read May 8, 
1889.) 

(Communicated by Prof. A. Grin, LL.D., F.R.S., F.G.S.) 


INTRODUCTION. 


Terre exists in South Devon an extensive series of igneous and 
quasi-igneous rocks occupying a considerable area, mainly east of the 
River Avon, which have as yet received scarcely more than passing 
notice, and the study of which is attended with much perplexity 

Sir Henry De la Bechet noticed the Yalberton trappean rocks 

south-west of Paignton, which are included in our subject, and spoke 
of them as interposed between the Yalberton limestone and that 
of Watton, which forms the western termination of the Berry Head 
mass. The relations of the igneous rocks to the Devonian limestones 
will be considered de novo as we proceed. 
_ Dr. Hollt mentions the rocks of this series in the neighbourhood 
of Totnes, Ashprington, &c., as “thick slates, in which much vol- 
canic matter is disseminated.” He observes that ‘volcanic rocks 
are frequent,” and that ‘‘ beds which are light-coloured often yield 
a red soil.” This was written with reference to rocks which occupy 
the ground between Harberton and the Dart. Though we might 
reasonably take exception to the term “slates” as not strictly ap- 
plicable to any portion of these rocks with which we are acquainted, 
yet as it is quite certain that Dr. Holl well appreciated the im- 
portance of the group, and as no spot could be pointed out where 
they attain a greater development than [at} Ashprington and its 
neighbourhood, the provisional term ‘“‘ Ashprington volcanic series” 
has been here retained. 

Many patches and lines of ‘“ greenstone” were laid down by 
De la Beche within the tract of country to be described; but these 
represent only a very small fraction of the actual spread of the 
rocks, which occupy on the east of the Avon a large part of Dipt- 
ford, Harberton, Totnes, Ashprington, Cornworthy, and Dittisham 
parishes, and on the east of the Dart, Berry Pomeroy, Stoke Gabriel, 
and Churston Ferrers. 

On the west of the Avon they range through North Hewish and 
Ugborough tewards the Yealmpton and Plymouth district, but are 

* [The MS. of this paper was found by Mrs. Champernowne among her 
husband's papers after his death, and was handed over to me. I believe it to 
have been intended as an instalment of a general description of the Devonian 
rocks of the Totnes district, which, at my request, he had agreed to prepare. 
Though incomplete and evidently the first rough draft, it possesses much interest 
as an expression of some of the latest views of one of the most careful geologists 
who ever studied the rocks of Devonshire. The map to which reference is 
made is the l-inch Ordnance Survey Sheet, no. 22, which was coloured after an 
original geological survey by the author. This work was presented by him to 
the Geological Survey, and it will be embodied in the new edition of the Survey 
Map (no. 22) now in preparation.—A. GEIKIX. | 

Tt Rep. Geol. Cornwall, Devon, and West Somerset, 1839, p. 72. 

{ Quart. Journ. Geol. Soc. 1868, vol. xxiv. p. 434. 
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less expanded than on the east of that river, partaking of the 
narrow folds into which the country is thrown immediately south 
of the granite. To the north of the parallel of Paignton and Brent 
they nowhere occupy a large continuous area; nevertheless various 
tuffs seen in the Dartington, Kingskerswell, and Ogwell districts ought 
probably to be placed in the same category from their relations to 
Devonian limestones, although not attaining the development that 
the series exhibits on the banks of the Dart. Lavas, frequently 
amygdaloidal and vesicular, or even scoriaceous, but at other times 
very compact or aphanitic, constitute a great part of this series. 
They are either altered porphyrites, or basalts, or both. Tuff-beds 
are largely intermingled with them, all these rocks being highly 
basic in character. It is possible that some beds of purely detrital 
origin may be here and there interbedded (if not doubled in), but, 
so long as we have only the imperfect one-inch maps, they are too 
insignificant to be shown on paper. Some reddish schists, for ex- 
ample, are met. with in a road descending from Weston within a 
mile east of Totnes to the head of the valley leading down to Fleet 
Mill. 

The lavas, where freshest, are usually of a blackish-green colour, 
often porphyritic in structure, from the presence of crystals of felspar, 
which sometimes in hand specimens appear as dark as the ground- 
mass. ‘These harder rocks appear to run in lines, and have even 
been represented as dykes on the map, as, for instance, at Sharpham 
on the Dart, but they dip with the rocks among which they occur, 
and even pass into them. It is true they form projecting bosses by. 
the river-bank, but it would be impossible to trace them away from 
the foreshore. I believe they are not dykes, but are simply inter- 
calated, and I know of no single instance of a line of hard rock 
cutting across the strike. 

Sometimes the lavas become flaggy, breaking into irregular, long, 
wedge-like flags, weathering brown or purplish near the surface, 
and even splitting up into a shaly substance, from which, neverthe- 
less, a perfect passage can be traced into the compact, dark rock 
used for road-metal ; and these facts can be observed in one and 
the same quarry, as, for instance, 1n a quarry by the roadside on 
Totnes Down Hill. 

A mass of this rock at ‘“ Red Hill” or Pheasant’s Hill quarry, 
Totnes, where it rests on limestone, as further to be described, is 
weathered brown on one side, but abruptly changes its colour to a 
deep red on the other, where I noticed a knob of limestone, imme- 
diately under the “ trap,” coated with a thin film of hematite. 

In a plantation above Sharpham Lodge, near Totnes, the rock is 
amygdaloidal, as often happens, the cavities being filled with a 
yellow powder, which appears to be pure limonite, and is doubtless 
a product of decomposition. 

At Broomborough quarry, also near Totnes, there occurs a singular 
rock, evidently included in this series, of a dull purplish and 
brownish colour, in which patches and strings of a greenish, felstone- 
like substance resembling porcellanite are included, with amygda- 
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loidal kernels interspersed. At a small quarry above Allabeer on 
the right bank of the Dart and elsewhere some purplish and 
yellowish flecked shales are seen, the paler patches having a steatitic 
aspect. 

pee the lavas are often highly calcareous, probably from sub- 
sequent infiltration, and as they are both aphanitic and sometimes 
flagey, as above mentioned, they appear (without always assigning 
definite names, such as “ porphyrite ” or “ basalt,” to rocks which 
are so highly altered) to Sous peu to descriptions of “slaty cale- 
aphanites,” even leading towards *‘ schalsteins.” 

Of the fact of such alteration, the microscope leaves no room for 
doubt. The felspars are blurred, as if changing to saussurite, like 
the felspars in the Lizard gabbros; or they eeTit avemed appearance. 
Some unaltered augite is usually present, as also a plentiful sprinkling 
of magnetite or ilmenite ; but owing to the extent of alteration the 
thinnest sections let very little hight pass. 

Nowhere do true grits appear to form any part of this series ; it 
is somewhat perplexing that the purple grits of Cockington, Beacon 
Hill, and Windmill Hill, which support the Triassic rocks of 
Paignton, do not apparently extend across the Dart between Totnes 
and Sharpham, as the same beds do south of Greenway and Ditti- 
sham. However, with the exception of a narrow strip which 
appears to be thrown down by a fault, and some beds at Langcombe 
Farm, they certainly form no feature south-west of a line extending 
from Langcombe Cross to Stoke Gabriel. There are some signs of 
a N.W. and S.H. fracture bearing south-easterly for many miles, and 
its existence between the south-west cf Ash and Stoke Gabriel was 
mentioned by Dr. Holl. If these strips really belong to the slaty 
beds at the base of the Cockington grits, then they overlie the 
yolcanic series, and are thrown down by faults sensibly at right 
angles to the one just named, but they disappear before reaching 
the Dart. 

Were it not that the greenish aphanitic rocks can be actually 
observed passing to a deep red, the outlines of the felspars being 
still traceable, one might be inclined to regard all the soft, raddled, 
earthy-looking rocks as tuffs; but for the reason just stated we 
could not safely do so. The quantity of magnetite or ilmenite 
which appears in every section I have had cut would furnish a 
ready source for any degree of peroxidation ; some sections, when 
seen by reflected light, show these specks turned brown, and when 
this destructive process is carried far enough, all distinctive cha- 
racters of the rock are lost. These decomposed rocks generally 
yield freely to the knife, differing in this respect altogether from 
grits of Devonian age. 

Tron-ores, both hematite and limonite, are occasionally found 
among the red rocks, as we might naturally expect, but their mode 
of occurrence is apparently so capricious that they have never been 
profitably worked for any length of time. I am indebted to Dr. 
Pridham for information on this point. In Cornworthy parish, on 
each side of the lane leading north-east from the village to Tuckenhay 
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Creek, there are some ve1y old excavations which I have noticed 
myself, but could not then understand them. They were doubtless 
worked for iron long before the memory of man. The tradition of 
the inhabitants carries them back to Roman times. In one of these 
Dr. Pridham discovered a specimen of Orthoceras, or perhaps Acti- 
noceras, with the siphuncle inflated between the septa and striated 
internally, a Cardium-like bivalve, and a small specimen of Stro- 
matopora, all converted into hematite, besides some fibrous speci- 
mens of the same. On Mr. Studdy’s land (Waddeton Court *) on 
the other side of the Dart, and also near Stoke Gabriel, limonite 
has been found. 


RELATIONS WITH DEvoNIAN LIMESTONES AND SLATES. 
The Northern Limits. 


Respecting the age of the rocks, of which so very inadequate a 
sketch has just been given, we find much that is suggestive and 
much that is very perplexing, even after their outlines have been 
laid down on the map, on account of their irregular mode of 
occurrence. 

In examining the principal sections in some detail, we will begin 
with the east bank of the Dart at Totnes. The “ Red Hill” quarry 
has been already mentioned: Mr. Godwin-Austen noticed this quarry 
as showing trap resting on faulted Devonian limestone and slateT ; 
whatever appearance the quarry may have presented when he ex- 
amined it, it is now perfectly clear that the step-like surface of the 
limestone is not due to step faults, but that it has been eroded into 
small crags of the height of * * * to * * * feet on the outcrop side, 
the intervening hollows having been filled in by the “ trap,” which 
forms all the upper part of the quarry. The limestone beds below 
dip E.-S. at * *,*. 

Interesting as this section is, we must not too readily assume 
that, because of the disturbance and erosion of the limestone, a geo- 
logically vast space of time necessarily separates the two rocks, as 
that must depend upon what can be learned respecting the upper 
surfaces of the overlying mass, whether, in fact, we can find them 
dipping beneath higher members of the Devonian series. 

Tracing the line between the limestone and superincumbent rocks, 
we find it extending nearly to Truestreet, where it is shifted further 
to the south-east by a N.W.-S.E. fault passing Weston with upcast on 
the east. For the details of this broken bit of ground I must refer 
to the map. ‘Thence the upper rocks continue to Langcombe Cross. 
The great N.W.-S.E. fault from Gatcombe to Stoke Gabriel here 
cuts them off; they cannot be traced further to the north-east in their 
line of strike. So far there have been signs of discordant relations, 
but perhaps not greater than we might expect to find in a reef 
district, supposing it to have been also the arena of contemporaneous 
volcanic outbursts. 


* Watton Court on the Ordnance Map. 
+t Trans. Geol. Soc. 2nd series, vol. vi. pl. xlii. fig. 4. 
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Beyond the great fault a coarse tuff is found at Ash, thrown on the 
east against some beds of coarse dolomite, which contain clear quartz 
and lie nearly horizontally. This tuff consists chiefly of red slaty- 
looking patches, decomposed felspar crystals, and grains of quartz. 
A precisely similar rock resting on limestone occurs near Watton 
[ Waddeton | village, and beds of like constitution, but not red, are 
interstratified with bluish slaty shales over the Dartington limestone, 
being well exposed in the Ashburton railway-cutting, also overlying 
the limestone of Bulley barton, and south of the limestone of 
Clennon Hill near Goodrington, where it would appear that they 
rest on an uneven surface. These belong to a characteristic type 
not specially mentioned in the first part; they are never amygda- 
loidal, and cannot have flowed, but seem to correspond to the 
Nassau “ porphyritic schalstein ” so-called. 

The next exposure east of Ash occurs in the lane leading from 
Higher Yalberton to Windmill Hill, but it throws no clear light on 
the relations. Fine-grained flaky tuffs forming the floor of the 
lane appear to dip east, and just before reaching the purple grits of 
the high ground some hard aphanite protrudes. No junctions are 
visible here. 

On the east of Higher Yalberton the limestone forms a narrow 
crest broken by two faults, but otherwise continuous with that of 
Clennon Hill over Goodrington Marshes, where it abruptly ceases 
on its strike, but can be followed across the narrow gorge on the 
south as far as the Brixham highroad near Crabb’s Park. Here for 
a few chains it is in contact with the mass extending towards 
Watton village, which has the volcanic rocks dipping against it on 
the west. Clennon Hill is bounded on the east by a fault bearing 
N.N.E. through Paignton, which is very conspicuous from its shift- 
ing the Triassic boundary nearly half a mile to the south from the 
east end of Primley Hill. It passes just east of Crabb’s Park, 
throwing down slaty shales and grits, and after bringing limestone 
against limestone, as mentioned (a point of minimum “throw ”’), 
sets on again with an opposite throw following the line of the 
Watton road, and comes out on the bank of the Dart, a short dis- 
tance west. of the Watton boat-house, bringing down the raddled 
voleanic rocks on the west against grey and purplish siates that dip 
under the Watton limestone, the dips at the junction being widely 
divergent. ‘To complete this bit of ground, we recross north-west 
from the Watton and Paignton road to Higher Yalberton, and find all 
_ the intervening ground to consist of the trappean rocks, the narrow 
crest of limestone east of that place clearly dipping south under it. 
The north side of this crest is much more obscure in its relations 
than the south, and the same remark applies to that of Clennon 
Hill. Dr. Holl considered it to be ‘“ doubled under ” higher rocks 
“with inverted dip”*. Ido not feel satisfied on this point. A 
patch of limestone shown on the old map south of Goodrington 
marshes must be expunged, as the ground consists of slates and 
grits. There are other faults shown on the map, but not described. 

* Op. cit. p. 431. 
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The next patch of volcanic rocks brings us to the coast of Torbay. 
It lies east of Goodrington, forming the “Sugar-loaf” hill, of less 
elevation than the limestone plateau to the south. A hard aphanitic 
rock protrudes for a short distance along the top, but does not reach 
the railway-cutting close to the cliff, where it is flanked by tufts. 
This patch throws off some beds of iron-shot limestone to the north, 
dipping north and exposed in the cutting. The face of Saltern 
Cove isa N. and 8. line of fault, which has shifted the iron-shot 
limestone on the foreshore south of its exposure in the railway- 
cutting, and the Triassic outlier of the North Cove at Saltern, south 
of that at Milepost 223. The fault continues to the south at Broad- 
sands, throwing down a strip of Triassic sand-rock that dips east, 
and again forming the face of the cliff. 

The above-named limestone is undoubtedly on a higher horizon 
than the great mass of Goodrington Hill, Brixham, and Berry Head. 
It abounds in corals—Favosites cervicornis, Edw. & H., Alveolites, sp., 
Cyathophyllum cespitosum, Goldf., and simple forms, Stromatopora, 
Crinoids, and more rarely Acervularza (sp.). The layers are parted 
by a red clay. At the foot of the cliff in the main cove the tuff ex- 
posed is identical with a piece of Schalstein from Weilburg, Nassau, 
in my collection. The beds succeeding the iron-shot limestone con- 
sist of purple marly shale, and include the interesting fauna iden- 
tical with that of Budesheim worked out by Mr. Lee*. Higher 
still, immediately under the Trias, they are more slaty and are 
interstratified with purple grits. Therefore eliminating the faults 
and disturbances, [owing to] which cause the beds [are much con- 
torted, so that they] hang nearly vertically towards the north-west, 
the relations are as follows :— 


Section near Goodrington. 


~ 


. Triassic conglomerate. 

5. Hard red grits and slates. 

4, Purple and blotched marly shales (Gonzatites, Bactrites, Cardiola retro- 
striata, &c.). 

3. Iron-shot limestone bands (very fossiliferous). 

2. Schalstein: and aphanite nucleus? not reaching the cutting. 

1. Chief Devonian limestone. 


Following the Belgian and German classification, 3, 4, and 5 
would certainly be considered Upper Devonian?. Much of the red 
colour may be due to percolation through the Trias ; but the beds 
may contain the sources of peroxidation in themselves, as has been 
proved in the case of the lavas. In the railway- and road-cutting 
adjoining the Naval Hospital$ we have again the beds No. 5 well 
exposed and dipping northerly, and, after an interval of level ground, 


* Geol. Mag. 1877, p. 100. 

t [The drawing intended to accompany this description has not been found 
among Mr. Champernowne’s papers.—A. G. 

+ The tracing-out of calcareous horizons in South Devon, corresponding with 
3, must remain for another communication. 

§ Now a private residence. 


|=? 
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the Trias escarpment of Roundham Head follows. In fact wherever 
the base of the Paignton Trias is found, the underlying rock is the 
same* (Cockington “old red”), only to the east of the Paignton 
N.N.E. fault this forms low depressed ground, instead of rising into 
bold features like Windmill Hill and Westerland Beacon. 

Thus, when once in No. 5 we have reached a clear horizon, 
[the beds of] which throughout South Devon, including the Staddon 
Point and Picklecombe grits in Plymouth Sound, are free from 
igneous intercalations; they are done with. 

Accordingly the chief problem consists in satisfactorily piecing 
together the Berry-Park slaty shales, the igneous masses, and the 
limestones No. 1. As to the first, which extend through Little 
Hempston into the Dartington trough, it is improbable that they 
are represented by 3, 4, or 5 (which, for practical purposes, may be 
considered one group). Apart from colours, they are utterly unlike 
them, and descending from Windmill Hill to the Yalberton lime- 
stones, not a vestige of the Berry-Park slates is to be seen, only the 
strip of tuffs as described. 

This would appear to point to an unconformity perhaps between 
2 and 3, and it must be confessed that the appearances in the rail- 
way-cutting would favour this hypothesis. In the remaining part 
of this paper we shall hope to throw some light upon these rela- 
tions. 


The Southern Limits. 


These commence at Sharkham Point on the east, but the igneous 
series is not conspicuously developed until we pass the Torquay and 
Dartmouth road, when we find Brim Hill above Galmpton Mill 
and nearly the whole of Greenway Hill to consist of them; con- 
tinuing by Dittisham they extend to East Cornworthy, where they 
are shifted to the north by a fault. From the bank of the Dart, 
near a barn marked on the map, a good boundary runs right along 
the village of Cornworthy, by Priory Gate, following the bottom of 
the Washburton valley to Middle Washburton, beyond which I 
have not yet satisfactorily followed ity. ‘This last trace separates 
dark-coloured lavas on the north as exposed at many points in 
ground which is often deep red (due to causes already explained) 
from [the| bluish-grey slaty shales which overlie them on the south 
side. 

At the south end of Mudstone beach a very clear passage can be 
seen from the grey shales into the superincumbent limestone, and 
at Sharkham Point the limestone beds are vertical, and parallel 
with them is a sheet of compact greenstone, forming the point of 
the headland. 

I spoke of this as intrusive, but have since seen reason to doubt 
the correctness of this opinion. At a short distance west a steep 


* Dr. Holl, op. cit. p. 434. 
+ [On Mr. Champernowne’s map the boundary is shown to be shifted about 
a quarter of a mile to N. by fault at, Middle Washburton, and carried on for a 
mile on south side of Higher Washburton Houses.—A. G. | 
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climb through the brushwood shows one a detached patch of lime- 
stone, which certainly appears to double back upon itself. It is 
possible that this may after all be only a lenticular patch, as it is 
difficult to get close to it. But be this as it may, a fuller know- 
ledge of the mapping proves me to have been in error in suggesting 
that the contorted grits of Southdown Cliff were older beds than the 
limestones, rolled up. 

We now take the principal points of interest from Sharkham 
Point (where we have a base) to the limestone, unseen in the Good- 
rington section. 

At Higher Brixham the outcrop of the limestone makes a marked 
feature at the back of the church, and at Upton lane, at the foot of 
the ascent, red grits at once come on, which must here rest directly 
on the limestone without even the igneous rocks, between. 

With a quarry near Laywell House the Higher Brixham lime- 
stone terminates ; but as the beds dip north-east at low angles it is 
clear that it is not thinning out on its strike at this precise spot, 
but dips away from a fault, which throws down the country on the 
west, and surface-stones prove the lavas to be represented near the 
foot of the hill at Churston Mill. If this termination is not a fault, 
there is no escape from the alternative that the red grits must cover 
up the continuation of this limestone by a great unconformity. I 
believe the fault to be the explanation. Beyond Lupton House the 
relations are most perplexing. There is no evidence of the pre- 
sence of the igneous rocks along the Dartmouth road from the 
boundary of the Churston limestone, and instead of them we find 
grey slates extending for a mile and half, and the purple grits, 
which at Higher Brixham rest directly on limestone, are not en- 
countered until past Lupton Higher Lodge, near the track leading 
to Higher Lupton (in a field N.E.), a small quarry showing them 
dipping 8.E. at * * *. De la Beche’s arrow-dip west (15°-20°) near 
Churston Station is correct. The grey slates for the first half-mile 
from the limestone boundary, although not immediately exposed, 
slope when seen towards the north with the fall of the ground ; put 
after the bearing of the road changes they appear to have arched 
over, as they dip steadily E. of 8. in the direction of the road. This 
is near the third milestone from Dartmouth. 

The question arises on what horizon these slates are. It seems 
to be the general opinion that the soft grey slates on the south side 
of Galmpton Creek are the continuation of the Mudstone Slates ; 
they are much like them, and, if so, they must be older than the 
bulk of the hmestone, which dips towards them near the boundary, 
no junction being seen. Now, however, we have a dividing horizon 
south of Galmpton, inasmuch as the lavas begin to form a well- 
marked feature (a small patch occurring east of the railway ex- 
tending to Greenway Ferry, [while] near the top of Greenway Hill, 
in a wooded escarpment, I collected a specimen identical with the 
Nassau amygdaloidal schalstein). They overlie the grey slates at 
Galmpton Creek; they constitute Brim Hill, and dip 8.E. 17°, at 
the mouth of the Greenway Tunnel. Continuing the section, we 
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have bluish flaggy slates of the type of the Berry-Park slates over 
the lavas, &c., striking parallel with them in the lane leading to 
Greenway Farm. They continue beyond the farm to the wood, 
where the purple grits appear across the river, and strike down 
by the south side of Marlpool. Dr. Holl has continued the section 
from here to Kingswear, along the railway. ‘Some grey slates with 
a few calcareous seams line the north side of this inlet, and rising 
from below them a great mass of lavas and tuffs, with some very 
hard rock, forms the ledges, until we round Greenway Quay and 
reach their base. Along the bank from here to near Galmpton 
Mill some beds of dark limestone and buff-coloured shale extend. 
They are exceedingly rich in corals, the prominent forms being Alveo- 
lites (compressa?, Edw. & H.), large specimens of Cyathophyllum 
damnoniense, Phil., and others. COyst¢phyllum vesiculosum, Goldf., 
also a specimen of Hallia occurred, | the latter | with aquantity of Au/o- 
pora hanging about it. From the bend at the mill to the head ot 
the creek the mudstone-like beds complete the tour of this ground. 

We may now review the facts that have been adduced, and try 
to get at their general meaning. 

In the first place, from what has been said, it will be seen that 
we regard the mass of these igneous rocks as truly intercalated in 
the Devonian deposits, and consequently that the facts observable 
at Redhill quarry and other spots near Totnes are only cases of 
contemporaneous disturbance and erosion of a quite subordinate 
character. More depends, however, upon how we understand the 
limits of the larger limestone masses. It must be admitted that 
the evidence on this subject is not so clear as one might wish. I 
quite agree with Dr. Holl, speaking of the Totnes district, that the 
limestones have, on the whole, been ‘ dislocated from the slates, so 
that their boundaries are virtually lines of fault.” 

The country, indeed, is shattered by faults. Although it is often 
difficult to distinguish the slates below the limestone from those 
above, yet with experience one can detect a difference in the Berry- 
Park slates from those which clearly dip under the Dartington, 
Berry-Pomeroy, &c. limestones*. But why should there not also 
be slates neither exactly above nor below the limestone, but re- 
placing it? so that De Ja Beche’s words would also be true, viz., 
that ‘the geological continuation of certain limestone appears to 
consist of slate.” 


Discussion. 


The PresipEnt said that the thanks of the Society were especially 
due to Dr. Geikie for having rescued this paper from oblivion. 

Dr. Gerrxin, after alluding to the melancholy interest attaching to 
the paper, said that he had himself urged the Author to formulate 
his ideas upon the structure of the country. The present com- 
munication, however, was all that was found among his papers, in 


* Nore.—A specimen in my collection of Kramenzel-schiefer, from Adorf, 
Waldeck, strongly suggests comparison with the coarser beds of the Berry- 
Park slates. 
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a condition for publication. But it is imperfect, and no materials 
remained from which it could be completed ; still it was too valuable 
a piece of work to leave unpublished. 

There were two principal points in this last work of Mr. Cham- 
pernowne :—(1) the non-intrusive character of the beds in question ; 
(2) their geological horizon, regarding which, though, owing te the 
faulted nature of the country, it is rather obscure, Mr. Champer- 
nowne’s surmises may turn out to be correct. There was no allu- 
sion in the paper to the compression and shearing the rocks had 
undergone, to which he (Dr. Geikie) attributed much of the schistose 
structure both of the sedimentary and igneous rocks of the region. 
The flaky beds of which the Author speaks can be traced into 
the more massive rocks. The flattening-out of the amygdaloids 
was a striking proof of this mechanical deformation. 

Mr. Rurtery referred to the general soundness of Mr. Champer- 
nowne’s conclusions; there were some interesting points in con- 
nexion with these lavas. He had himself noticed important differences 
in the volcanic beds on the east and those on the west side of 
Dartmoor respectively. On the east they were mostly porphyrites, 
on the west schistose lavas and basalts, the schistose beds being 
very characteristic of the Brent-Tor district, of which he considered 
the Saltash lavas were a continuation. No perfectly satisfactory 
explanation of the causes of this schistose character had yet been 
given, He had not hitherto observed any mechanical deformation 
of the amygdaloids in the schistose lavas, such as those of Churl- 
hanger, and this, he thought, militated against the assumption that 
the schistose structure was due to shearing. He referred to the 
boundary between the Carboniferous and Devonian as haying 
been drawn along belts of igneous rock, which were, in point of fact, 
repetitions of the same bed. He referred to the new line of railway 
as likely to throw some light upon the district west of Dartmoor. 

Dr. Hatcn spoke of the rocks from Ashprington as tuffs and 
diabases, mostly aphanitic, but sometimes porphyritic. They were 
not very suitable for microscopic examination, owing to their ad- 
vanced stage of decomposition, the felspars being turbid, the augite 
having mostly passed into chlorite, the ilmenite into leucoxene, and 
there being an abundance of calcite. Where at all fresh there were 
traces of ophitic structure. In some cases the amygdaloidal rocks 
showed traces of shearing. The tuffs closely resembled the “ Schal- 
steins ” of Nassau and the Hartz. 

Mr. Worrx said that the volcanic series had occupied much of 
his attention, and that practically the rocks under discussion were 
similar to those in the neighbourhood of Plymouth. He differed 
from Mr. Champernowne’s conclusion, as to their horizons, especially 
as regards the Plymouth district. He was of opinion that they 
underlie the Plymouth Limestone, and that on this horizon may be 
traced the beginnings of a coral reef. 

He referred to the new line on the west side of Dartmoor, and 
to the light it was calculated to throw upon the geology of the 
district, especially in reference to the volcanic rocks. Alterations 
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in some of the lavas were so gradual that one can hardly see where 
they begin or end. There were also wtruded volcanic rocks of a 
similar character. Referring to the errors in the mapping of the 
boundary between the Carboniferous and Devonian of this region, 
he asserted that the town of Tavistock is actually on the Carboni- 
ferous, and yet that by a complex series of foldings the Devonian 
is brought up north and south of it. He spoke of trap dividing a 
series of ‘‘ Schalstein ” beds ; elsewhere two distinct lava-flows might 
be noticed, one above the other. 

Mr. W. W. Beaumont criticized some of Dr. Hatch’s remarks 
with reference to the alleged traces of shearing in the vesicular 
lavas, based partly upon the assumption that shearing would destroy 
the continuity of the cavities; and 

Dr. Harcu pointed out that, according to his view, the cavities 
having been filled at the time that the shearing took place, they 
must be regarded as solid bodies. 
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24, The Rocks of ALpERNEY and the Casauets. By Rev. E. Hitt, 
M.A., F.G.S., Fellow and Tutor of St. John’s College, Cam- 
bridge. (Read May 8, 1889.) 


. General Description. 

. Principal Igneous Masses. 
Minor Igneous Rocks. 

. The Grits. 

. Age of the Grits. 

. Comparisons and Conclusions. 


O> on OO DO 


1. GeNERAL DeEsSoRIPTION. 


ALDERNEY is seldom visited and has been seldom described. It 
deserves both description and visit. Macculloch gives an account of 
it in the first paper of the first volume of our ‘ Transactions.’ Ansted, 
in his ‘Channel Islands,’ notices many features with accuracy, and 
seems to have taken a special interest in the place. Since his time 
I am not aware of a single addition to our knowledge until the 
admirable map of France by MM. Vasseur and Carez, sheet No. IV. 
N.E. of which assigns colours and letters to the island. After the 
first draft of this paper had been written, a paper by M. Bigot* came 
into my hands, containing, besides notes on Jersey and Guernsey, 
a brief but excellent description of Alderney, which includes several 
of the facts that I have independently discovered. 

I have to thank Professor Bonney for invaluable notes on the 
rock-sections, which he has allowed me to incorporate in this paper. 

Alderney is an oval island (see Map, p. 3817), about 3% miles long 
by 1 mile broad, lying E.N.E. to W.S.W. The western portion is a 
tableland just over 300 feet in height, which, along the west and 
south, falls in grand cliffs to the sea, but slopes to the shore along 
the north-western side. The eastern extremity is separated from 
this by lower ground and the deep indentation of Longy Bay, but 
above the Mannez Quarry and at Fort Albert there are elevations of 
140 feet and 180 feet respectively. Distant about a mile and a half 
to the W.N.W., across a channel called The Swinge, lies Burhou, an 
uninhabited island, with nearly a mile of rock available for exami- 
nation when low tide lays bare the reefs to the west. Around it is 
an archipelago of rocks, the Verte Téte, the Nannels, Les Mac- 
quereaux, exposed, awash, or sunken, to ships dangers of every 
kind and degree, to the fishermen and pilots sea-marks and fishing- 
grounds. A sunken ridge runs west for some three miles, bearing 
these and other rocks and reefs, its end marked far over the sea by 


* Bull. Soc. Géol. de France, 1888, p. 412. 

+ This map is drawn on a reduced scale from the English Admiralty chart of 
“ Alderney and Casquets,’ which visitors should obtain and use. The 
dotted lines round the shores are intended to indicate areas exposed at low 
water. The broken line marks the railway-track; some of the roads are shown 
by continuous lines. Cap La Hague, the nearest point of the mainland, is dis- 
tant a little less than 10 miles, due east across the Race of Alderney. 
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the isolated dome of Ortac. Then follows the deep and clear Ortae 
Channel, in breadth about a mile, and across this to the west 
another similar ridge, two miles long, emerges at its extremity into 
the lonely group of rocks called the Casquets, which support the 
great lighthouse of that name, outermost sentinel of the Archipelago. 

The dry-land surface in the region treated of cannot reach five 
square miles, but it is scattered over an area ten miles long. This 
paper accordingly deals with the geology of a considerable tract, 
not much inferior to Charnwood Forest in dimensions, and with 
nearly as much rock above the water as in Charnwood emerges 
from the Triassic clay. 


2. Princtpat Ienzous Masszs. 


Alderney itself consists mainly of a rock commonly called granite. 
This constitutes the whole of the west and centre of the island. 
It has been worked in various quarries, especially the great one 
west of the harbour, and is well exposed along the north-west coast. 
To the eye it shows felspar, often conspicuously striped, much black 
mica, hornblende in very varying amounts, and some quartz, gene- 
rally sufficient in quantity to render the popular name correct. The 
constituent minerals occur in particles about 3 inch across over 
most of the area, but east of Fort Albert the rock is rather finer 
in grain. It is generally very well crystallized: one specimen 
only, from Telegraph-Cable Bay, has an amorphous appearance, 
perhaps an effect of some intrusion. Under the microscope the 
biotite is seen to be sometimes replaced by aggregated flakes, possibly 
chlorite. 

On the shore beneath Fort Tourgis the usual dark rock weather- 
ing grey is intermixed with a paler rock weathering pink which 
contains much more quartz than is usual. I am inclined to regard 
this as different, but the question requires closer examination. It 
is surely not necessary to assume that every coarsely crystalline 
mass is throughout of simultaneous date, any more than are the 
basaltic plateaus of Antrim and Mull. The owner of one large 
quarry declared to me that it furnished eighteen different qualities 
of stone. The quarry referred to contains several dykes ; still, 
most of these qualities must have been varieties of the mass which 
those penetrate. 

At one locality there can be no doubt that we find a granite dis- 
tinguishable from the rest. ‘This constitutes the extremity of the 
promontory on which stands the fort called Chateau a l’Etoc, Bibette 
Head, and the rocks and islets in the intervening Baie de Saie. 
Most is much decomposed, but on Bibette Head it has been quarried, 
and can be seen to consist normally of white felspar, quartz, black 
mica, and hornblende in unusually well-shaped crystals, nearly 
2 inch in length. The assemblage forms a beautiful white granite. 
Under the microscope sphene and hematite or magnetite can be 
recognized, and the occasional imbedding of small felspar crystals in 
quartz is interesting. The line of division between this white 
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granite and the normal darker rock may be seen sharply defined in 
the bay south of Bibette Head. 

A granite similar to the pink decomposing form of this occurs in 
outcrops on the southern cliffs; as, for instance, on a slope north of 
the islet called Coque Lihou, where a pink and a bluish rock may be 
seen in intrusive contact. Some of this pink rock recalls the L’Hrée 
eneiss in Guernsey, and itself shows under the microscope signs of 
disturbance. A specimen collected from somewhere on these cliffs 
of this circle shows a very large orthoclase crystal ? of an inch long, 
such as characterizes the oranite of Cap La Hague, on the neigh- 
pouring coast of France; such crystals also characterize a rock at 
LiErée. The perpendicular cliffs of this coast, even more inaccessible 
than those of Sark, swept at their base by some of the most violent 
tides in Europe, offer serious obstacles to examination. 

The only locality where I have noticed crush-structure on a scale 
visible to the eye is on the shore under Fort Tourgis. Here are 
seen many dark node-like patches, some narrow and lenticular, and 
of these the axes lie with a certain amount of parallelism, while the 
rock itself has a rude appearance of a structure which is directed 
N.E. to 8.W. and vertical. 

The general appearance of the normal Alderney rock recalls the 
diorites and syenites of Guernsey, and some specimens can scarcely 
be distinguished from some of the quartzose varieties of that group. 
But the abundance of mica, and the smaller amount of hornblende, 
would connect it rather with the granites of Jethou and Sark. The 
microscopic study has resulted in a similar opinion. 


3. Mrvnor Ieneous Rocks. 


The minor intrusive rocks of Alderney do not equal in interest 
and variety those of Guernsey, still less do they rival the singu- 
larities which Jersey presents. Nevertheless, they are numerous 
and interesting. Most of the families found in the other islands 
are represented. Granites occur here and there: one, for instance, 
about a yard thick in the sides of a chasm in the crags north of 
Fort Albert. Pink micro-crystalline quartz-felspar dykes are most 
abundant; the western headlands are cut by many so parallel that 
an observer from a boat might even think the rock stratified, and 
so abundant, that I estimated them to occupy more than one tenth 
of the cliff-face. They appear to be identical with the Guernsey 
quartz-felspar dykes (Quart. Journ. Geol. Soc. vol. xl. p. 416). 

Compacter pink dykes occur from Braye Harbour westwards, 
which may represent the pink felsites of Guernsey. <A remarkable 
purple intrusion, several feet thick, may be followed some hundreds 
of feet along the shore west of the causeway leading to Fort Clonque, 
and ultimately appears to transform itself into a variety of the last- 
named group. Under the microscope this shows a very compact 
matrix speckled with opacite, and containing small crystals of 
felspar. The matrix exhibits a minute devitrification, and the rock 
might perhaps be called a porphyrite. Basic intrusions are less 
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frequent than acid. Diabase dykes, so abundant in Guernsey, 
occur, but not in the same profusion. A very large one cuts the 
' granite west of the fort called Chateau a L’Etoc: there is another 
under the west wall of Fort Albert. The largest I have seen cuts 
the cliff of the Mannez Quarry, the great quarry where the railway 
ends. This last is called by M. Bigot an andesite. It is so decom- 
posed that determination is difficult: my slide seems to be a fine- 
grained diabase. It will be shown hereafter that this is certainly 
later than most of the intrusions. 

Like all the other islands, Alderney has its mica-trap dyke. This 
occurs at the east end of the Mannez Quarry, where the cliff-face, 
not now worked, is only some 15 feet high. It forms two or three 
vertical sheets about a yard thick, and does not seem to have 
altered the rock which it penetrates. Decomposition has reduced most 
into a brown earthy mass, but the centre of a spheroid contained a 
small kernel] in tolerable condition, from which a slide has been cut. 
It shows abundant brown mica in well-shaped hexagonal plates 
of variable size, some reaching °5 inch in diameter. The felspathic 
matrix appears to have been a glass crowded with lath-shaped 
felspar crystallites. Besides granules of iron-oxide, there may be 
apatite and a little sphene, and there may have once been a pyro- 
xenic constituent. The rock belongs to the Kersantite group of the 
mica-traps. 

The most interesting intrusion is one which forms a thick mass 
on the beach and in the crags on the west side of Fort Albert. It 
occupies some 70 yards of the shore, but immediately inland splits up 
into dykes, which may be seen in the scarp beneath the outer lines. 
This rock I have not found elsewhere. I took it to be the same 
in composition as the great mass at Bon Repos Bay in Guernsey, 
which it externally resembles. Professor Bonney recognized its 
true nature, and has kindly given me the materials for the following 
description. Its specific gravity has the high value of 3-003. Ma- 
croscopically, it is a very dark holocrystalline rock containing large 
crystals of a pyroxenic mineral, whose glittering divisional planes are 
interrupted by dark spots. Under the microscope the pyroxenic 
mineral is seen to dominate, and is exhibited in various stages of 
transition from an almost colourless augite to a brown and, occa- 
sionally as a final stage, green hornblende. This specimen confirms 
the view that there is a true conversion of augite into hornblende. 
For instance, the slide cuts through a large pyroxenic crystal of 
irregular outline. The outerand greater part is of a strong brown, 
with a slight olive tinge, markedly dichroic. In the middle is a 
grain of colourless augite exhibiting the close cleavage of diallage, 
and with the proper extinction. Little filmy offshoots from the 
hornblende penetrate its boundary, and in some places are inter- 
calated irregularly between the cleavage-planes, in a way that 
resembles a formation zz situ far more than an intercalation by 
enclosure. Small grains of olivine are enclosed in this crystal; 
larger ones are intercrystallized with the other constituents, and are 
more or less conyerted into serpentine in the usual way. - There are 
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some grains of felspar, so far as can be seen plagioclase, but as a 
rule much decomposed, some flakes of rich-brown mica, and iron 
oxides as usual. The rock may be called a picrite, though, like some 
of those in Anglesey and at Little Knot, it has rather too much 
felspar to be a typical example. 

This occurrence is to me of interest as being my first case from 
these islands of an olivine-bearing rock. The scyelite from Sark, 
described by Prof. Bonney in the ‘Geol. Mag.’ of March 1889 (p. 109), 
was collected at a later date. 


4, Tur Grits. 


The igneous rocks hitherto described occupy the greater part of 
Alderney, but not the whole. A divisional line (very possibly a 
line of fault) runs north-east and nearly straight from the cliff-foot 
opposite L’Etac de la Quoire to the middle of Corblet’s Bay. The 
igneous rocks lie west of this; to the east is a series differing from 
everything in Guernsey, Sark, or Herm, a sedimentary series, a series 
of grits. An outlying patch of these about + mile long occurs on the 
southern cliffs, opposite the islet called Coque Lihou. But they are 
not confined to Alderney. Of them consist Burhou and Ortac, and 
the whole of the Archipelago between the Swinge and the Ortac 
Channel; of them also consist the Casquets, and all their satellite 
reefs. Beds absolutely undistinguishable I discovered on the mainland 
of France, at Omonville la Rogue, east of Cap La Hague *. With 
these last M. Bigot identifies some beds which he calls “ stéaschistes 
noduleux ” at Tourlaville, east of Cherbourg; and having seen both, 
I entirely agree with him. From the Casquets on the west to 
Tourlaville in the east is a distance of thirty miles, accordingly the 
series we are considering is one of no little extent and importance. 

Both Macculloch and Ansted were unable to visit Burhou or the 
Casquets. The pilot-boat which conveyed me to the Casquets took 
me within 50 feet of Ortac, and also threaded devious channels of 
the reefs, so as to give me a good view of the greater number ; on a 
later visit I was able to land on Burhou. 

There are ample means for studying the group, since, besides the 
clean surfaces shown along the shores and in the reefs, there is the 
range of quarries now or formerly worked to obtain materials for 
the breakwater. ‘The group is thus seen to be a series of sand- 
stones and grits, consisting primarily of quartz, but with an ad- 
mixture of felspathic material, which, though variable in quantity, 
is always too much for a quartzite. Occasionally there are thin 
beds of a micaceous sandstone. The colour, though generally a 
greyish white or cream-colour, has often a pinker tinge, reaching 
even to a deep rusty red; as, for instance, in a quarry north-west of 
Essex Castle. Every variety occurs of fineness and coarseness, 
ranging from the above-mentioned mudstones through sandstones 
and coarser grits up to constituent grains + of an inch across. As 


* M. Bigot had previously made the same identification in the paper referred 
to above. . 
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the coarseness increases, so do the angularity of the grains and the 
proportion of felspar, till we find what seems merely a disintegrated 
granite, a perfectly typical arkose, of which my best example comes 
from the Casquets. As might be expected from such materials, 
current-bedding is frequent; so frequent as to be the rule rather 
than the exception. We might expect also to find beds of conglo- 
merate. No mass seems to consist chiefly of pebbles, but pebbles do 
occur. On Burhou I did not detect any; but the manager of the 
Mannez Quarry said that a single one would often be found in an 
otherwise uniformly fine bed, and showed me several so found. At 
the Casquets they are frequent, as also in the quarry north-west of 
Essex Castle ; while in a quarry in the outlier north of the Coque 
Lihou they are numerous and range up to three or four inches long. 

The current-bedding, arkose material, and sporadic pebbles, all 
point to the immediate neighbourhood of a coast, probably to a 
coast like the present, with cliffs and beaches, tide-swept races, and 
wayve-washed reefs. And in fact at the outlier mentioned north of 
the Coque Lihou these grits can be seen reposing on the crystalline 
rock, an actual portion of the bed of that ancientsea. The rock, too, 
is not the granite proper, but a mass of one of the pink granitic 
intrusions which occur so abundantly in the granite *. 

The bedding of the series is extremely marked, and may be 
recognized from a considerable distance. The dip varies; it may 
perhaps be 60° at Essex Castle, but is usually from 45° to 30°, and 
in Burhou is sometimes almost nz/. From the Casquets to Alderney 
the direction varies between S. and N.E., but on the average, and in 
general, is S.E. At aspot on Little Burhou, where the shore has 
cut a horizontal section, one bed makes a perfect letter S in a 
length of 50 yards; as a rule, however, there is no contertion. I 
have not noticed any small faults, but it is plain that on a large 
scale there is much dislocation, for the Burhou beds dip directly to- 
wards the crystalline mass of Alderney, and the beds at Omonyille 
are vertical. J cannot make any estimate of the thickness of the 
series. Sections of considerable length are shown in Burhou and in 
the quarries. It is difficult to disprove the existence of faults, but 
no one, I think, can doubt that a thickness of several hundred feet 
may be seen. 

The pebbles and angular fragments, where found, are of various 
natures ; many, perhaps most of the smaller ones, are white milky 
quartz, some a grey mudstone, some a crystalline granitic rock, one 
or two very dark, perhaps basaltic: I did not notice any of the local 
granite, but several seemed to be from the pink dykes so abundant 
in that mass. Most of the larger pebbles consist of a compact, 
almost glassy, igneous rock with occasional porphyritic felspars, 
probably a rhyolite. Such rocks are abundant in Jersey; the dark- 
brown colour characteristic there is shown in many (one of which I 
have had cut). M. Bigot mentions a pebble with spherulites, which 
are also frequent in Jersey; while at Omonville I myself found a 


* M. Bigot has noticed this and given a diagram of the contact. 
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small inclusion showing the striped structure so remarkable in that 
island, and in the Alderney Quarry, north of Coque Lihou, I saw a 
fragment larger, but less characteristically marked. 


5. AGE oF THE GRITS. 


Of this nothing has hitherto been known. Ansted only con- 
jectured that they might be Triassic. Now, however, a fairly 
definite horizon can be assigned to them. It has been shown that 
they lie unconformably on the granites, and also contain pebbles of 
the dykes which cut these. Moreover, they are in general not 
penetrated by the abundant series of dykes. Ansted mentions that 
“the veins traversing the syenite rock of which the Casquets are 
mainly composed are said to extend into the sandstone overlying.” 
At my visit not a vestige of igneous rock was to be seen, either as 
underlying mass or as dyke. On Burhou I saw no dyke. Along 
miles of the Alderney shore I saw no dykes. ‘The insufficiency of 
negative evidence is shown by the two dykes already described as seen 
in the Mannez Quarry and by one on the shore east of the quarry, 
which perhaps is a continuation: there is, however, abundant 
evidence that the series is later than the majority of the intrusions. 
But, on the other hand, the mica-trap dyke in the Mannez Quarry, 
as it cuts them, gives a posterior limit to their age, for it clearly 
belongs to the “‘kersantons ” of Brittany, which Dr. Barrois assigns to 
the close of the Carboniferous period ; thus these beds must be far 
earlier than the Trias. In search of further evidence, I made a 
traverse of the Cotentin from St. Malo and Avranches up to Cher- 
bourg, and so discovered the beds at Omonville, above described as 
undistinguishable. These can be seen to rest on a gneissic rock, 
and are described by M. Bigot as intercalated between the ‘ Phyl- 
lades ” (of St. Lo ?) and the ‘‘Grés Armoricain.” In general, on the 
mainland, it is the ‘‘Conglomerat Pourpré” which precedes the ‘*‘ Gres 
Armoricain.” The pebbles in that conglomerate, where I have seen 
it, are exclusively quartz, and its colour is extremely deep. But the 
Alderney grits contain quartz in abundance, though other materials 
as well ; and their colour, as has been mentioned, sometimes approaches 
the ‘“‘pourpré” tint. We may therefore assign this important series 
to the Upper Cambrian (of Lapworth) *. 


6. CoMPARISONS AND GENERAL CoNCLUSIONS. 


The north-east corner of Jersey is occupied by a remarkable series 
of conglomerates. They have attracted the attention of every 
observer, but there is a singular absence of evidence with regard to 
their age. Ansted conjectured that they might be equivalent to 


* At several points about high water-mark, especially between Forts Quenard 
and Homeaux Florains, there occur on bedding faces narkings which closely 
resemble organic impressions, and which high authorities thought were refer- 
able to Dictyonema. But I have since found markings extremely similar to 
these on joint faces and boulders, which must be of recent origin. [Mr. Ethe- 
ridge informs me that they are produced by Limpets. ] 
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the Alderney grits; the external differences, however, are great. 
M. Noury, in his excellent monograph on Jersey, regards them as 
Post-Permian on the ground of their relations with the rhyolites. 
MM. Vasseur and Carez, in their map, give them the tint and letter 
of the “ Conglomerat Pourpré.” The existence of the Alderney beds 
shows at any rate that various conglomerates were being formed 
about that epoch, and the next paragraph will show that the ple 
lites afford no contradictory indications. 

This singular and almost unique group of rocks (described under 
the name of rhyolites by Mr. Thos. Davies), which occupies so 
large an area in the eastern part of Jersey, is conjectured by 
M. Noury to possess a Permian date (Géologie de Jersey, p. 129), on 
account, apparently, of its resemblance to certain rocks from the 
Vosges (p. 30). But the presence of pebbles which proceeded from 
this group in the grits of Alderney and Omonville, as described 
above, is alone sufficient to show that the group cannot be placed 
later than Cambrian times. 

The Jersey conglomerate-pebbles consist chiefly of sedimentary 
rocks which closely resemble the schists of St. Lo, as seen on the 
mainland opposite and elsewhere. The Alderney grits contain sedi- 
mentary pebbles which may well belong to the same formation. If 
either this identity, or the equivalence of the Jersey beds with those 
of Alderney, should hereafter be proved, then, considering the time 
required to harden such beds and wear their fragments into pebbles, 
we should obtain additional evidence of the Pre-Cambrian age of 
the schists of St. Lo. 

At different parts of the coast of Jersey there occurs, in con- 
siderable quantity, a diorite. It is in contact with various other 
rocks and is intruded into by several, itself intruding into none. 
There cannot be reasonable doubt that it is anterior to the porphy- 
rites. Itis not seen to intrude into the neighbouring argillites of 
St. Aubin’s Bay, which are certainly not later than the porphyrite 
group, and which M. Noury correlates with the Granville schists of 
St. Lo. This diorite, then, must be Pre-Cambrian. But both in 
general appearance and in occasional peculiarities it 1s identical 
with the diorites of Guernsey, and affords evidence that these are 
Pre-Cambrian too. Comparing these again with the hornblendic 
granite of Alderney, overlain uncontormably by Upper Cambrian 
grits in which are pebbles of dykes found in the granites, and con- 
sidering also the kindred granites of Sark, Herm, and Jethou, we 
must recognize the existence over a great area of Pre-Cambrian 
coarsely crystalline igneous rock. 

The granites throughout this area show results of earth-move- 
ments to a certain extent; they bear variable traces of crushing, as 
has been previously mentioned. This amount is not very great, 
perhaps not more than that to which even the grits have been sub- 
jected. But the so-called ‘ Protogine” or gneiss of the Cap La 
Hague region has undergone a tremendous crush, and has been 
reduced to a grey gneiss with foliation N.E. toS.W. The singular 
syenite of Coutances has a strong cleavage N. to 8. or N.N.E. to 
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S.S.W. The gneiss of Guernsey, as described in my paper on that 
island, has a structure which runs N..to 8.; and, as there stated, all 
evidence that can be found agrees in making it a formation prior to 
the diorite group. Here, then, we have a set of rock-masses which 
underwent great earth-movements prior to times which themselves 
were Pre-Cambrian. J never doubted that the Guernsey gneisses 
were Archean, but I did not feel sure that proof of this would ever be 
obtained. By the assistance of the evidence from Jersey, Alderney 
thus leads to a proof. 


As circumstances render it improbable that I shall be able to 
undertake further work in the Channel Islands, I wish to take 
this opportunity of making some corrections in my former paper on 
Guernsey (Q. J. G. 8. vol. xl. p. 404). 

It is therein assumed throughout that the main mass of gneiss 
is a non-igneous rock. I have now no doubt that much of it is 
igneous and crushed; perhaps ail. Ansted’s “ patch of clay-slate in 
Rocquaine Bay” discussed on p. 406 may be explained as a case of 
yielding to crush on a very large scale, and the pockets of coarser 
material there described can now be fully accounted for as portions 
which have offered a stouter resistance than the rest; they should 
accordingly afford an interesting subject of study. The appearance of 
bedding under Fort Doyle described on p. 409, and there attributed 
with much hesitation to an inclusion of slaty rock, I am now able 
to recognize as the tongue of an intruding dyke in which pressure 
has produced the semblance of a slate. 


Discussion. 


The Presrpent remarked that the evidence as to the age of the 
Alderney gneisses was clear. 

Prof. Bonney had never visited Alderney, though he was acquainted 
with the other Channel Islands, but he knew that it had received 
very great attention from Mr. Hill. 

The age of these gneissoid rocks, which formed an uneven floor 
to the Lower Paleozoic Rocks, could be shown. At Omonville, 
near Cap La Hague, the “ gres felspathique ” rests on gneissoid rock. 
At Tourlaville, east of Cherbourg, green slates (‘‘schistes de St. Lo”) 
pass up into the ‘‘grés felspathique,” which is overlain by the “ grés 
Armoricain,” perhaps unconformably. At Coutances gneissoid rock 
underlies the ‘“ schistes de St. Lo,” which have a great development in 
Western Normandy. These gneissoid rocks, like that in the south of 
Guernsey, are doubtless crushed granites, which in some places, as 
at Alderney, are little modified. The strike of the structure is very 
roughly N. and 8., that of the paleeozoics about E. and W. ‘There is 
no opportunity of bringing in crushing between early Cambrian and 
the end of the Lower Paleozoic, so that these gneissoid rocks must be 
Archean. The ‘“‘grés Armoricain” and the ‘“‘grés felspathique” recall 
the quartzites of Northern Scotland and the Torridon Sandstone, and 
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the unevenness of the floor in this part of Europe is consequently 
similar to that of Northern Scotland. 

Dr. Woopwarp referred to a supposed Oldhamia, and pointed 
out that the markings were due to the action of recent Limpets. 

Dr. Hicxs referred to the researches of M. Bigot, and commented 
upon his excellent work. The views put forward by Mr. Hill, like 
those of M. Bigot, seemed to confirm the Pre-Cambrian age of the 
rocks in Normandy and Brittany, originally determined as such by 
M. Hébert. 

Mr. Rurtey asked for further information as to the felsites of 
Boulay Bay, and especially with regard to their age. 

Mr. Tratt said that he had understood that the Boulay-Bay fel- 
sites must be Pre-Upper Cambrian, which brought them into ap- 
parent relationship with the very similar Wrekin rocks. 

Mr. Cotr commented on the wide bearing of the question of 
the age of these rhyolites. French geologists had maintained that 
the pyromerides containing quartz were of Silurian age; those of 
Permian age contained chalcedony, and those of more modern 
origin opal. The removal of the Boulay-Bay rocks from those of 
the Vosges was opposed to this mineralogical view. 

The AurHor observed that the ancient floor of crushed rocks had 
not escaped his attention. Mr. Etheridge had observed that the 
simulations of fossils resembled markings of modern Mollusca. A 
great thickness of rhyolites occurred in Jersey, which was con- 
sidered to be one series. Only certain varieties of these could be 
identified as pebbles in the sedimentary rocks. Among these 
pebbles he had not actually recognized pyromerides; but he quite 
agreed with the view that the age of the Boulay-Bay rocks was the 
age of the other rhyolites. 
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25, Nore on the PEtvis of Orniruorsis. By Prof. H. G. Serrey, 
F.R.S., F.G.8. (Read March 20, 1889.) 


In 1874, on the occasion of my first visit to Kyebury to examine 
the fossil reptiles of the Oxford Clay, Mr. Alfred N. Leeds, and 
Mr. Charles Leeds, M.A., mentioned to me the following circum- 
stance. A well had been sunk at the gas-works at Peterborough, 
which, at the depth of 36 feet, came down upon a number of bones 
of a large terrestrial reptile. It is well known that to the west of 
Peterborough the Cornbrash and Lower Oolites rise from beneath the 
base of the Oxford Clay. The well passed through 24 feet of blue 
clay, which Mr. Leeds had no difficulty in recognizing by its fossils 
as typical Oxford Clay. Beneath the clay were 12 feet of grey sand, 
nearly white in places, and fine-grained, but it was uncertain 
whether the bedding which it showed was current-bedding. Beneath 
the sand were the bones resting on the underlying clay. Mr. Charles 
and Mr. Alfred N. Leeds were fully aware that the remainder of the 
skeleton was probably on the spot, and made overtures to the Gas 
Company to allow them to drive a horizontal shaft in the hope of 
finding 1t. The bones found remained exposed to the weather for 
some time till they began to crumble beyond recognition and ceased 
to be interesting, when they passed into the hands of the most 
enthusiastic and able explorers who have worked the Oxford Clay. 
These gentlemen had the bones still in the matrix when I first saw 
them in an outbuilding, and I was impressed by the grey sand as 
something to which I knew of no parallel on that geological 
horizon in that part of England. A large rib had been put together, 
as well as an ischium and part of a pubis; I also saw a part of the 
centrum of a dorsal vertebra. On these remains I formed and 
expressed the opinion that they were closely allied to, though pro- 
bably not identical with, the large Cetiosawrus in the Oxford Museum. 
After an interval of eleven years I again had my attention directed 
to this specimen, when Mr. Charles Leeds wrote that he had deter- 
mined the fossil to be Ornithopsis, on the basis of comparison with 
the Wealden specimens in the British Museum, and inviting me 
again to examine the remains. Being otherwise fully occupied and 
unable to leave London, I referred Mr. Leeds to Mr. Hulke as the 
author of nearly all that has been written on Ornithopsis; the 
result appeared ina memoir on Ornithopsis Leeds, printed in the 
Quarterly Journal of the Geological Society. 

These remains, still preserved in the wonderfnl collection at 
Eyebury, are the largest and most perfectly preserved pelvic bones 
of a Saurischian reptile known in this country. Their chief 
characters have been sufficiently, though briefly, given by Mr. Hulke, 
and I should not have added to that notice if it had not been that a 
new examination of the reptile has led me to take a divergent view 
of the mutual relations of the bones. 


—_ 
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Sketches illustrating the Pelvic Characters of Species 
referred to Ornithopsis. 


Fig. 1.—Ornithopsis Hulkei. (About 74 nat. size.) 
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Fig. 3.—(Ornithopsis) Leedsii. an ae < hat. size.) 


i, ilium ; és, ischium; p, pubis; f, foramen. 
F R, restorations; S S, sutural surfaces. 
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Mr. Hulke does not expressly determine these pelvic bones as 
right or left, and he is equally indefinite with regard to the remains 
of the Wealden Ornithopsis. Still the fact that Professor Marsh 
figured the external surface of the pelvis of Atlantosaurus, and that 
Mr. Hulke has copied that figure reversed in pl. xiv. Quart. Journ. 
Geol. Soc. vol. xxxvui. in illustration of what I regard as Ornithopsis 
Hulkei, is some evidence that the figured surface was regarded as 
external, and the bones as belonging to the right side of the 
skeleton *. However this may be, I had no doubt that the figured 
surface in Ornithopsis Leedsii is the internal or visceral surface, and 
therefore the bones are of the left side; and the Wealden specimen 
shows substantially the same characters. This difference in inter- 
pretation involves a totally different conception of the nature of 
the pelvis, and supposing the ilium to have been correctly determined, 
its chief extension may be varied, as I traced the sutural surface 
on the pubic bone which extends in the median line of the body of 
the animal. Mr. Alfred N. Leeds had the kindness to remove these 
massive specimens from their positions in his museum, so that the 
bones from the right and left sides of the body might be adapted to 
each other in the inclined positions which I regarded them as having 
occupied during the life of the animal. It then became manifest 
that the bones were united in the median line almost throughout 
their length by a median suture, and that they formed a saddle- 
shaped surface from front to back, as do the larger Plesiosaurs from 
the Oxford Clay. 

The left pubis becomes thickened at its anterior extremity, 
which shows a cartilaginous surface; but internally there is a well- 
marked suture in the median line, which is bevelled at an angle of 
45°. This articulation is six centimetres deep and about 24 centim. 
long, terminating posteriorly in a sharp point, where there is a 
small median foramen between the bones, with a well-ossified border. 
This suture ascends in level as it extends backwards. The internal 
surface of the pubis is flattened, and the external surface is convex 
transversely over this anterior portion of the bone. Behind this 
suture the boneis bent in an arch, so that its external surface is con- 
cave from front to back along the median line. On the inner margin 
the median sutural surface is prolonged for 25 centim., behind which 
the continuity of the bones is interrupted by a smooth border to a 
notch which may have separated the bones by 14 or 15 centim. 
‘Im the middle, where it is strongest, this posterior part of the sym- 
physis is 4 centim. in vertical depth. It 1s inclined to the internal 
surface, but to a less degree than the anterior part of the symphysis, 
consequent on the arched form bringing the hinder part of the pubic 
symphysis into a superior position, so that the bones of the two 
sides meet at a less acute angle. The two pubic bones are thus so 
inclined to each other as to enclose an anterior basin and a posterior 
basin, which are separated by the intervening saddle-shaped arch. 


** Mr. Lydekker adopts this determination in the British Museum Catalogue, 
vol. i. p. 150, describing the bones as associated right ischium and pubis. 
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The suture with the ischium, which is nearly straight, may have 
been nearly vertical; it is 30 centim. long. The sutural surface 
becomes narrow as it descends, and the bone becomes thin towards 
the median line. 

The ischium is curved in jength, with the convexity on the inner 
side, and it is twisted at an angle of 45°, so that the superior distal 
surfaces are directed outward and upward, and the inferior margins 
converge and meet in a broad V shape. ‘This union is assisted by 
the internal distal border of the bones being bevelled at an angle of 
45° for a length of 50 centim., and this surface is marked with coarse 
parallel longitudinal sutural lines. Externally the distal extremity 
of the bone is thickened superiorly for 15 centim., as though for 
muscular attachment. The bone is imperfectly preserved, so that 
the larger part of the anterior sutural union with the pubis is broken 
away towards the median line of the body. At a distance of 43 
centim. from the proximal end there is, on the internal border, a 
small portion of smooth ossified margin which is concave, and this I 
take to indicate the posterior termination of the proximal expansion 
of the bone. Externally the infra-acetabular surface is concavely 
excavated in the usual way. The sutural surface for the ilium is 
15 centim. long; the acetabular interval between the ischium and 
pubis is 15 centim. wide, and the iliac attachment on the pubis is 
19 centim. Jong, as preserved, and appears originally to have mea- 
sured about 33 centim. The greatest thickness of the bone where 
it unites with the illum is 5 centimetres. Iam not aware that this 
type of pelvis has hitherto been observed. The antero-posterior 
arch between the anterior symphysis of the pubic bones and the 
posterior symphysis of the ischia is a well-marked characteristic 
of Saurischian reptiles; but it remains to be determined to what 
extent the median union of the pubic bones is developed in the 
group. 

From the imperfect fragment preserved it is impossible to judge 
of the form of the ilium, but it does not make any recognizable 
approximation to the bone in those American genera which offer 
the closest resemblance of form to the pubis and ischium. | 

When the bones from the Oxford Clay are compared with those 
trom the Wealden of the Isle of Wight there are several minor 
differences of proportion ; but although the internal border of the 
Wealden pubis is badly preserved, its distal inner border shows an 
inclined symphysial suture, and a symphysial suture is present on the 
most convex part of the arch in the middle of the bone, which is 
more prominent than in the relatively wider, thicker bone of 
Ornithopsis Leedsii. In the Wealden specimen the obturator foramen 
in the pubis is relatively nearly twice as large as in the Oxford-clay 
specimen, and is more obliquely placed. The ischinm in the 
Wealden specimen is relatively much broader and stronger than in 
the Oxford-clay fossil; it has a much wider iliac head, defined 
by a deep concave subacetabular notch, which is almost wanting in 
the other type; the distal end is expanded, and though its symphysis 
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is the same kind of oblique V-shaped union as in Ornithopsis Leedsit, 
it, is very small and short, so that the bones did not converge towards 
each other in similar curves. The antero-posterior extension of these 
pelvic bones in the symphysial line appears to me to have been 
relatively greater in (Ornathopsis) Leedsv than in Ornithopsis Hulket. 

These species may be further compared with (Ornithopsis) 
ovoniensis. In relative proportions of the ischium and pubis the 
bones, as represented in Prof. Phillips’s figure, closely correspond 
with the Oxford-clay species ; for, though there is a comparatively 
long articular head to the pubis as well as the ischium (absent from 
the Isle-of-Wight fossil), the forms and proportions of both sets of 
Oolitic bones are otherwise respectively nearly identical, and these 
two species are apparently referable to one genus. It is, moreover, 
interesting that the ilium of (O.) owontensis, which has some re- 
semblance to the ilium of Brontosaurus, appears to have been pro- 
longed anteriorly in a wedge-shaped mass, and that the imperfectly 
preserved ilium of (O.) Leeds appears to show a similar character. 
But the ilium of Ornithopsis Hulker is not known, and the nearly 
equal size in that species of pubis and ischium, seem, with the other 
differences pointed out, to justify a suspension of judgment as to its 
generic identity with the closely allied fossils from older strata ; for 
the slender ischia give a good character for generic separation when 
compared with the expanded ischium of Ornithopsis Hulkei. 

At the Bath Meeting of the British Association Professor Marsh 
expressed the belief that Ornithopsis held a systematic position 
midway between Morosaurus and Diplodocus. I have unfortunately 
no means of forming an independent opinion. But Professor Marsh 
defines the shaft of the ischium in Diplodocus as not twisted, and states 
that it ‘‘is directed downward and backward with the ends meeting 
on the median line”*. I fail to recognize in the condition here 
represented any approximation to the description of Diplodocus. 
The description of Morosaurus seems to me closely to approximate 
to the Ornithopsoid reptiles from the Forest Marble and Oxford 
Clay, while there is much to be said in favour of the view of 
Mr. Hulke that Ornithopsis Hulkei approximates to Atlantosaurus. 
I hesitate to formulate the inference of generic distinction 
between these Wealden and Oolitic reptiles from these resemblances 
to American types until it is shown that the American genera all. 
haye the pubic bones united by a long median symphysis as in 
these British types, which probably belong to closely allied genera, 
although they may be more distinct from each other than are 
Vorosaurus and Atlantosaurus. The nature of the relation between 
the three British types may be better gathered from the accompany- 
ing figures of the pelvic bones (p. 392). 

After the bones of (Ornthopsis) Leedsit had been put together in 
their natural anatomical relations, Mr. Alfred N. Leeds made a 
model of them in pasteboard; and I now submit a slightly restored 
model of these bones, which I think serves to establish the generic 


* American Journal of Science, vol. xxvii., Feb. 1884. 
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distinction of this type from the American genus Morosaurus*, and 
to show that Brontosaurus cannot be identified with it, although 
there is some resemblance to that genus in the ilium and pubis. 


Discussion. 


Mr, LypExker observed that the identification by Prof. Seeley of 
the proper ventral and dorsal surfaces of the pelvis of Ornithopsis 
was of considerable importance, since it removed all objections which 
had been raised as to the close affinity between that form and the 
American Brontosaurus, &c., which he had always believed to be 
closely related. 

He was unable, however, to assent to the amalgamation of Cetio- 
saurus and Ornithopsis which the Author appeared to suggest, the 
difference in the pelvis of the two forms indicating a character of 
at least generic value. 

The speaker had already pointed out the resemblance of the pelvis 
of Cetiosaurus oxoniensis to that of Morosaurus, and he was glad to 
observe that Prof. Seeley agreed with him in this respect. 

With regard to nomenclature, after alluding to his previous state- 
ment that he believed the name Cetiosaurus ought to yield to the 
earlier Cardiodon, Mr. Lydekker observed that he had two days ago 
received a letter from Dr. Baur, pointing out to him that the tooth 
from the Wealden originally figured by Dr. Wright had been named, 
in 1852, Hoplosaurus t armatus. The speaker had suggested that 
this tooth really belonged to Ornithopsis, and Prof. Seeley had re- 
garded this suggestion as a certainty. Under this circumstance 
there was no question but that, if the two are really identical, the 
name Ornithopsis must yield place to the much earlier Hoplosaurus, 
even if the latter had not to give way to the still earlier Pelorosaurus. 
it was curious, after the complex synonymy, to find that both the 
Wealden Hoplosaurus (? Ornithopsis) and the Lower Jurassic Car- 
diodon (? Cetiosaurus) were both based on the evidence of teeth, and 
were therefore strictly comparable. 

Mr. Leeps considered that Prof. Seeley had given the correct in- 
terpretation about these bones. 

Prof. Sretey said his thanks were due to Mr. Alfred N. Leeds 
for the opportunity of clearing up the structure of the Saurischian 
pelvis. He was not aware that the structures now described had 
been previously recognized by any other observer. He had en- 
deavoured in his paper to make it clear that while on the one hand 


* Since writing the note on Aristosuchus pusillus (Quart. Journ. Geol. Soc. 
vol. xliii. May 1887) I have been led to notice that the position of the pelvie 
bones in relation to the sacrum gives grounds for suspecting that the bone there 
regarded as pubis is likely to be an ischium, notwithstanding its resemblance in 
form to the pubis in some American genera. Professor Marsh’s figure of Cera- 
tosaurus shows that the ischium may have an anterior symphysial expansion, like 
the posterior expansion of the pubis in that genus and other types. Whether 
Aristosuchus may have had cervical vertebre like that which I provisionally 
referred to Thecospondylus (Quart. Journ. Geol. Soc., Feb. 1888) may deserve 
consideration. 

t Originally Oplosaurus. 
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he did not follow Mr. Hulke in referring the three Saurischians to 
Ornithopsis, and while he offered a restoration of the pelvis of 
Cetiosaurus oxoniensis to illustrate its relation to the Oxford-clay 
and Wealden types, the grounds had been stated on which the 
Oxford and Peterborough animals might be referred to another 
genus, when the evidence was more fully set out. The affinity of 
Cetiosaurus oxoniensis to Morosawrus cannot be determined, because 
the distal end of the ischium is not preserved. Prof. Seeley regarded 
nomenclature as a matter of scientific convenience, and he was not 
prepared to give up names associated with the history of research 
in favour of an obscure name that was casually exhumed and intro- 
duced doubt in our interpretations. 
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In the course of an inquiry into the physical history of Dartmoor, 
which led to the conclusion that this great granitic upland represents 
the basal portion of a volcano some 16,000 feet high, special attention 
was necessarily paid to the felsites or elvans of the district, as 
filling the gap between the plutonic members of the series, the 
granites, and the true volcanic rocks no longer found 7x situ. Search 
for traces of the latter was also made. Hence were gathered the facts 
now briefly set forth. The less definite term “ elvan ” is used here in 
preference to the more distinct “‘ felstone ” or “ quartz-* or “ felspar- 
porphyry,” because the intention is to include under that head all 
the dyke-rocks of granitoid material connected with the Dartmoor 
granite; and because it is one of the chief objects of this paper to 
show that there is no fundamental distinction between the rocks so 
named, as they occur in the Dartmoor environment, but that different 
portions of the same dyke may exhibit all these varieties of structure, 
and present a graduated series between granite and a compact 
felsite, in which differentiation has yet to be set up. An “elvan” 
may be any species of rock that has developed from a granitic magma 
under conditions intermediate between plutonic and voleanic. 

One of the first points to attract attention in the inquiry was the 
great disproportion existing between the characteristic varieties of 
elvans to be found in situ (1 am speaking generally of the south- 
western borders of Dartmoor) and those occurring in the detritus 
which covers large areas of bottom land in the border valleys of the 
Moor. Elvans, too, are far more largely represented in the latter 
than in the adjacent modern river-beds. 

Tracing back the history of denudation, next came the allied fact 
that while granitoid pebbles are to be found in quantity on many 
of the beaches near the mouths of the rivers of Dartmoor origin, on 
the shores of the English Channel, there, again, elvans largely pre- 
dominate. That these accumulations represent in the main an ancient 
as distinct from a modern denudation seems clear. For example, 
while in the beaches immediately within the mouth of the Yealm no 
such pebbles occur, on the beaches immediately outside they are 
plentiful. Mr. Pengelly, F.R.S., has described similar phenomena 
at the mouth of the Erme*. Granitoid pebbles abound in a cove 
close to the mouth of that river; but for two and a half miles upward 
thence Mr. Pengelly failed to detect any granitoid rocks on the 
course of the Erme. The conclusion that these pebbles were not 
brought down by the rivers, ‘‘ but cast up by the sea,” seemed there- 
fore a natural one. So far as my experience goes, however, these 
pebbles are quite as clearly of Dartmoor origin as those of the old 
valley-detritus ; and whether they were brought to the shore in 
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connexion with the present river-system or not, I have no hesitation 
in giving the great bulk of them, at least, a ieneoan birthplace. 

Some , thee pebbles, found on Slapton Sands, suggested a possible 
secondary origin in the degradation of the Triassic conglomerate 
which eatenils westward in mass to Torbay, and remnants of a still 
further extension of which are to be found at Thurlestone in Bigbury 
Bay, and at Cawsandin Plymouth Sound. This led to an examination 
of a number of the fragments of igneous rocks included in the 
Triassic conglomerates of Devon: Cmone these indubitable pieces of 
Dartmoor granite have been from time to time identified, but far less 
numerous in comparison than the examples of so-called “ porphy- 
ritic trap,” with which they are largely associated. The results of 
that examination speedily convinced me that many of these “ porphy- 
ritic traps” were really ‘“elvans,” whilst others presented a nearer 
approach to volcanic types. Probably this would have been re- 
cognized long since had there not been a kind of tacit assumption 
that the covering rocks under which the granite of Dartmoor con- 
solidated were wholly sedimentary. Had the volcanic character 
of at least the central pile been suggested, it would have been clear 
that in such an early stage of denudation as that which afforded 
material for the ‘lriassic conglomerates of Devon, rocks of inter- 
mediate and volcanic types must play a far more prominent part 
than granites. 

It is evident that the “ felsites” of the higher stage of Dartmoor 
must have been much more important and wide-spread than the 
‘“‘elvans” or dyke-rocks by which they are now alone represented, 
or they never could have yielded the enormous quantity of material 
which is still traceable. 

The “elvans” which remain 7 situ are practically confined to 
the borders of the moorland, ranging at points up to the main mass 
of granite in the covering rocks, and stretching westward in 
parallel lines towards the next granitic boss, on the western side of 
the Tamar, at Hingston Down. [Five of these dykes are set 
out on the Geological Map of Devon between Shillamill near Tavistock, 
on the north, and Cann Quarry nearPlymouth, on the south; there are 
others, but of minor importance and yielding no additional facts. 

Now the northern of these elvans traverse the lowest rocks exposed 
in this area, and the southern the highest ; moreover the northern are 
nearest to the main mass of granite, and the southern most distant 
fromit. The northern, therefore, have been formed, to all appearance, 
under conditions of greater depth and pressure than their successors 
southward. As aresult of this, we find the most distinctly granitoid 
or plutonic varieties in the northern elvans, Shillamill and Grenofen, 
and the most even-grained and felsitic in the southern at Cann Quarry ; 
while the Roborough Down elvan, which is intermediate, to some 
extent, combines the two characteristics, in its compact felsitic 
ground-mass and its well-developed porphyritic quartz-crystals. 

But the chief point to which I wish to direct attention here is 
the wide amount of variation within narrow limits in the same 


dyke. 
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Some of the characteristics of the Shillamill elvan are set forth by 
Mr. Rutley, in his ‘ Eruptive Rocks of Brent Tor’*; but a far finer 
section than that exposed at the time of his visit has recently 
been opened across the dyke in the construction of the new London 
and South-Western extension, and I do not know of any spot where 
extreme features of elvanic variation can now be studied to better 
advantage. ‘The centre of the dyke is, to quote Mr. Rutley’s words, 
‘“‘a quartzose felspar-porphyry of the usual elvanitic type;” but on 
each margin the rock is dark grey, in part granular in texture, in 
part massive, and with unevenly distributed dots and patches of dark 
greenish hue. Some parts, again, would fall under the old name of 
‘ claystone-porphyry.” The different phases graduate into each 
other, but it would be easy to select what, on a mere casual survey, 
might be taken to represent half a dozen different rocks from half 
a dozen distinct localities. Mr. Rutley notes that while the three 
sections which he describes ‘“‘are identical in their original com- 
position, yet they differ greatly in their general aspect ;” and this is 
emphasized by the results of my examination of sections from this 
new exposure. 

Microscopic investigation shows that while the leading constituents 
are, as Mr. Rutley says, orthoclase, quartz, and magnesian mica, 
with a varying amount of felsitic matter, and that the porphyritic 
felspars have been much decomposed, there is also present in portions 
of the dyke a considerable proportion of dark-green hornblende, 
chiefly associated with the more definite quartz and felspar. The 
occurrence of hornblende is so unusual in the Dartmoor granites and 
granitoid rocks that this is especially noteworthy. The proportion 
of felsitic matter varies greatly in different portions of the dyke, 
and some parts are distinctly granular. As accessories there occur 
casually iron and copper pyrites and some chlorite. This elvan has 
been the subject of great alteration, and there is hardly any that 
will better repay careful study. 

The other elvan that claims special mention is the Grenofen, which 
is half a mile south of the Shillamill, and stretches from east to 
west four miles. Mr. Rutley observed this at the Lower Grenofen 
quarry, where it has a.well-marked porphyritic character, and con- 
tains so little felsitic matter that it is essentially a fine-grained 
porphyritic granite, partially syenitic, seeing that hornblende is 
irregularly developed. 

This elvan, unlike the Shillamill, retains its general characteristics 
in breadth, but varies greatly in its length. It has recently been 
intersected in a tunnel on the new railway not far from Shillamill, 
and is there essentially an even-grained, lcose-textured granite, the 
kaolinization of the felspar having proceeded so far as to make the 
rock quite rotten. Still further west, about a mile distant, on 
Morwell Down, the dyke yields a variety with a compact semi- 
vitreous ground-mass, in which felspar, quartz, and mica are por- 
phyritically developed. Under the microscope the felsitic base is 
seen to be remarkably even-textured, resembling ground glass, and 

* Pp. 24, 41, 42. 
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the porphyritic crystals singularly perfect in outline and character. 
Though itis not an andesite, andesitic affinities seem to be suggested. 

As it is simply intended to indicate the more typical features of 
the ‘‘elvans,” and those of Grenofen and Shillamill surpass all 
others in interest, I pass on to consider the evidence afforded by 
Dartmoor of the existence of distinctly volcanic rocks as a part of 
its igneous series. 

There are among the fragments of the local Triassic conglomerate 
examples of andesitic and similar rocks that may fairly be classed 
in this category, but I do not desire to lay any special stress upon 
them. 

It is more distinctly to the point that in October of last year 
there was found in undisturbed clay on the limestone of Cattedown, 
near Plymouth, a deposit of water-borne and water-worn detritus, 
which indicated a Dartmoor origin for a Jarge proportion of its identi- 
fiable constituents, but contained associated therewith rolled flints and 
pebbles of Carboniferous, Liassic, and Cretaceous hmestones, which 
could not have been brought to the place where they were found 
from any existing locality by any existing river. The inference 
seemed clear that these Carboniferous, Liassic, and Cretaceous rem- 
nants represented a very ancient denudation, when the western 
flanks of Dartmoor were partially covered by Carboniferous rocks 
which have now disappeared; by the Chalk, of which the nearest 
trace is now on Haldon ; and by the Lias, which does not now extend 
further west than Lyme Regis. 

And associated with these clearly identifiable and undoubtedly 
local rocks were others hitherto unknown in the West—examples of 
andesites which Professor Bonney has kindly examined for me, and 
has pronounced typical examples, closely resembling specimens from 
the Andes; and clastic igneous rocks, one of which, a volcanic grit, 
Professor Bonney regards as of very unusual interest, and as the 
result of the denudation of volcanic cones. Some of the fragments 
are felspar, but quartz and viridite also occur. Prof. Bonney remarks 
that the rock-fragments, so far as ascertained, are all of igneous 
origin. ‘‘Some are fairly clear, some a rich brown colour, some 
almost black with opacite; some are homogeneous, except for a 
little opacite and some belonites or trichites of a dark grey colour, 
which often are grouped in more or less dendritic forms or bundles 
hke rootlets. A few of these grains are still isotropic, but most of 
those which are transparent exhibit devitrification-structure. Small 
spherulites are rather common ; one fragment seems part of a large 
spherulite. Other fragments show flow-structure; one is perlitic. 
Clearly several varieties of rock are present, but I think the majority 
may be referred to andesites, some of which may not be far removed 
from basalt; others may have a tolerably high percentage of silica.” 

I believe I am perfectly safe in saying that there are no rocks in 
the county or in the West of England yet known that would yield 
either of these andesites or volcanic fragmental examples. If they 
belonged to the superstructure of Dartmoor, the denudation of which 
began in Triassic times, the absence of the parent-rocks is explained. 
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If they did not belong to Dartmoor, their association with rocks all 
of Dartmoor origin, assured or probable, has to be accounted for. 
And that enormous changes have taken place on the moor since the 
existing river-systems have been in operation, the deep gorges cut 
by the principal streams, and the fact that I have recently found 
remnants of an ancient Dartmoor river-gravel 300 feet above the 
present bed of the Tavy, near Tavistock, will attest. 

However, the point need not be left to inference only. Among 
the specimens collected by me from the Dartmoor detritus at Lee 
Moor, within the granitic boundary, was a piece of compact grey 
felsitic rock which indicated fluxion-structure. This, on being sliced, 
proved to be a felsitic lava-breccia, containing numerous fragmental 
grains of quartz and also fragments of volcanic rock, some of which 
closely resemble certain fragments in the volcanic grit of Cattedown. 

That the forces which upheaved the great granitic boss of Dartmoor 
found relief in a volcanic outburst seems therefore clear, though not 
a vestige of the volcanic pile remains. 

The purpose of this paper is threefold :— 

1. To give reasons for the belief that the present granite of Dart- 
moor passed upwards into felsitic and volcanic rocks, remnants of 
which are to be found in the Triassic conglomerate of Devon, in 
the detritus of the bottom lands of the moor itself, on the beaches 
of the Channel, and in ancient river-gravels and pebble-beds. 

2. To indicate the wide range of character taken by the Devonian 
felsites of the Dartmoor district. 

3. To point out some of the evidence that exists in the elvans 
in situ for the development of the most varied of their forms from 
one common magma, and the peculiar value of their study as bearing 
upon the wider questions of petrological research. 


Discussion. 


Prof. Bonney stated that the specimen of volcanic grit which 
he had examined for Mr. Worth was one of the most extraordinary 
samples ever sent to him. He agreed with the Author as to the 
importance of studying the Triassic conglomerates of the south- 
west. The term “elvan” should not be used as a scientific term, 
having been so vaguely applied. 

Dr. Hine called attention to the absence of specimens on the 
table as a check upon discussion. 
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27. The OccurRENcE of Cottorp Sriica in the Lower Cuarx of Berx- 
sHiRE and WiursuirE. By A. J. Juxes-Brownr, Ksq., F.G.S. 
and W. Hitt, Esq., F.G.S. (Read March 20, 1839.) 


Tue existence in the Lower Chalk of beds containing a certain 
proportion of pure disseminated silica is not a new discovery, the 
occurrence of such material having been proved by Messrs. Way and 
Paine in 1851 *; but we are not aware that it has ever before been 
found in such quantity, or that any detailed investigation of its mode 
of occurrence has previously been made. 

The beds which are the subject of the present communication 
were discovered during the examination of the Lower Chalk of 
Berkshire and Wiltshire in 1887-88, for the purposes of the Geo- 
logical Survey, and we are indebted to the Director-General of the 
Survey for permission to make use of the stratigraphical information 
then obtained. Beds of siliceous chalk were first observed near 
Wantage and Letcombe Bassett, and attracted attention from their 
hard and compact character; they occurred near the horizon at 
which the Totternhoe Stone is found further north, and it was at 
first thought possible that one of them might be the representative 
of that stone. Specimens were therefore submitted to microscopical 
examination, and were found to be different from ‘Totternhoe Stone 
and from any other samples of Lower Chalk previously examined 
by us. The exact stratigraphical position of these beds was subse- 
quently ascertained by means of the excellent section exposed by 
the cutting on the Didcot, Newbury, and Winchester line, near 
Chilton. This section we visited together, and the hard siliceous 
beds were found to occur in the upper part of the Chalk Marl or 
zone of Ammonites varians, a little way below the horizon of the 
Totternhoe Stone, of which a thin representative is seen in the 
cutting. 

The following is the succession seen in the cutting about half a 
mile east of Chilton :— 
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The dip is southerly at a low angle, except at one place where 
there is a steeper inclination of 4 or 5 degrees for a short distance. 

In the next cutting to the north two hard beds occur near the 
top, which may be the two lowermost seen in the former cutting, 
and they are underlain by about 20 feet of firm blocky chalk, with 
the fossils of the Chalk Marl. Ammonites varians is common 
throughout, and the following are not uncommon :—Amm. Man- 
telli, Turrilites Scheuchzerianus, Inoceramus latus, and Rhynchonella 
Grasiand. 

All the courses described as “ hard chalk” in the above sections 
are decidedly hard and weather out as conspicuous bands along the 
fuce of the cuttings; the highest course, however, is harder than the 
others, 1t rigs under the hammer and only breaks under a blow of 
considerable force. The broken surfaces of the hard beds exhibit 
sparkling particles, some of which may be small flakes of mica, but 
other more minute points are possibly the broken ends of sponge- 
spicules. Recognizable sponge-remains are common throughout the 
whole set of beds, but seldom in a condition that allows of specific 
determination. 

Similar courses of hard chalk, probably in all cases siliceous, 
eccur in the same stratigraphical position throughout the range of 
the Berkshire outcrop. They may be seen in the cutting on the 
Great Western Railway at Moulsford Station, in a deep lane near 
East Ginge, above Wantage, and in road-cuttings at Letcombe Bassett. 

In the neighbourhood of Calne and Devizes (Wilts) the Lower 
Chalk also contains beds of similar composition. This division of 
the Chalk is here unusually thick (up to 240 feet), and contains 
many hard rocky beds, especially in the upper part; but nothing 
exactly like the Totternhoe Stone has yet been discovered, so that 
we cannot say how much of this Chalk is the equivalent of the 
Chalk Marl. There are no large quarries in this part of the Chalk, 
and the most continuous exposures are along the bye-roads, which 
have been cut more or less into the rock along the hill-slopes, the 
harder beds often making a succession of small steps or ridges across 
such roads. 

The hardest and most definite rock-beds occur in the upper half 
of the Lower Chalk, but none of these are highly siliceous; of soft 
Chalk Marl there is very little in Wiltshire, not more than 10 feet at 
the base, all the rock above this being of a firm and bedded or 
blocky nature, while certain portions of it, hardly distinguishable 
from the rest in general appearance, are highly charged with silica, 

A good section of the lowest beds may be found to the east of 
Compton Bassett, near Calne, where a pit and a road-cutting show 
about 50 feet of the firm chalk resting upon 10 feet of soft Chalk 
Marl. Several beds harder than the rest stand out in the road- 
cutting and are more or less siliceous. 

Silica, however, appears to be most abundant in the central part 
of the Lower Chalk from 100 to 120 feet above the base. On Etchil- 
hampton Hill, east of Devizes, there is a small pit about 100 feet 
above the base-line, which exposes flaggy greyish-white chalk (5 feet) 
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overlying a bed of rather hard greyish chalk, which has somewhat 
the appearance of Totternhoe Stone. Examination by hand-lens 
shows that both are full of minute glauconite grains, and also 
present many minute sparkling specks which seem to have too great 
a brilliancy for mica. No siliceous nodules, however, occur here. 

Near Allington, north-east of Devizes, the Lower Chalk appears 
to be about 240 feet thick, and an almost continuous exposure of 
the upper part may be found along the cart-road that leads north- 
ward up to the Downs. Firm white chalk is seen just above the 
500 feet contour, and about 50 or 60 feet higher a set of hard beds 
makes a succession of ridges across the roadway: there are five or 
six of them, and the highest is not more than 40 feet below the 
Melbourn Rock, which crosses the road at an elevation of about 
650 feet. This topmost hard bed is a compact heavy grey chalk 
with numerous black or dark green grains, characters which are 
very unusual at so high a horizon in the Chalk. 

A still more interesting exposure occurs on the road leading up 
the hill, east of Eastcott, near Market Lavington. This we judge to 
be about halfway between the base-line and the horizon of the 
Melbourn Rock, and therefore about 120 feet above the former. 
About 10 feet of flaggy whitish chalk is here seen, and one of the 
beds contains many definite siliceous concretions of irregular shapes 
comparable to nodules of flint or chert, but unlike such nodules in 
being so closely united with the surrounding matrix that they are 
not readily separated from it. They are very hard. When broken 
they are seen to be of a yellowish or bluish-grey colour, with a dull 
earthy fracture, which is quite different from that of flint. Hxamined 
with a lens the fractured surface is seen to be rough and granular, 
and has somewhat the appearance of a piece of grey chalk which 
has been hardened by an intiltration of gum or cement. The nodules 
occur only through a depth of 12 or 18 inches of the chalk; and 
about 4 feet above this bed, the chalk becomes greyish and harder, 
but is still siliceous. 

Higher up the road and at distances of about 80 and 40 feet 
respectively, below the Melbourn Rock, there are two very hard 
courses of grey chalk, the lower about 2 feet and the higher about 
3 feet thick. The lowest of these occupies the position of the 
Totternhoe Stone, but is much more compact and does not contain 
any of the small phosphatic nodules which always occur in that 
stone; the upper bed has a rather coarser grain and more gritty 
appearance, 

It is interesting also to note that these hard beds containing silica 
and sponge-remains set in concurrently with a decided increase in 
the thickness of the Lower Chalk. Throughout the counties of 
Cambridge, Bedford, Hertford, Buckingham, and Oxford the thick- 
ness of the Lower Chalk, wherever it can be measured, ranges 
between 150 and 170 feet; the thickness of the beds below the 
Totternhoe Stone, usually known as Chalk Marl, being generally 
about 70 feet. In Berkshire this lower division suddenly increases to 
about 140 feet ; the Totternhoe Stone is very thin, and the overlying 
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Chalk is about 60 feet thick, making a total of about 220 feet for 
the Lower Chalk as a whole. 

This thickness appears to be maintained all along the Berkshire 
outcrop and to increase slightly in Wiltshire. Whether there is any- 
thing more than an accidental connexion between the incoming of 
these siliceous beds and the thickening of the Lower Chalk is a 
question that must remain for future inquiry; we content ourselves 
here with pointing out the coincidence. 


Microscopical Characters. 


Before entering upon a detailed description of the minute structure 
of the rock-beds found in the sections above mentioned, we may 
premise that they closely resemble some of the sponge-beds which 
have been described by Dr. G. J. Hinde, F.R.S.*, more especially 
some varieties of the malmstones which form part of the so-called 
Upper Greensand of Surrey, Hampshire, and Berkshire. 

_ Dr. Hinde’s Memoir contains so much information and has been 
so useful to us in studying these sponge-beds of the Lower Chalk 
that it will be desirable to give a brief résumé of his observations 
for comparison with our own results. The Malmstones of Surrey 
and Hampshire are described as consisting of a siliceous or siliceo-cal- 
careous matrix which encloses fragments of sponge-spicules, grains 
and rods of glauconite, and minute scales of silvery mica. The 
proportion of silica varies greatly: sometimes the rock is wholly 
siliceous, as at Farnham, when it is very light and porous ; sometimes 
it is largely caleareous and becomes proportionately compact and 
heavy, as at Selborne; occasionally, as at Godstone, the rock contains 
nodules of bluish chert arranged in lines like flints in the Chalk, but 
not separating easily from the rock-mass. 

In the more siliceous malmstones fragments of siliceous sponge- 
spicules are abundant, but less so than the minute hollow cavities 
or casts of spicules which interpenetrate the rock, and to the exis- 
tence of which its porosity is due. In the more calcareous beds 
many of the spicules are replaced by calcite. 

The siliceous spicules consist generally of amorphous, not erys- 
talline or chalcedonic, silica. This amorphous or colloid silica, 
when viewed under the microscope by reflected light, has a milky- 
white or opal-like appearance. Mounted in Canada balsam and seen 
by transmitted light some spicules exhibit a distinctly granular tex- 
ture, while others are only traversed in all directions by minute lines 
which can be resolved into incomplete elliptical rings. The spicular 
walls are neutral to polarized light and consist, therefore, of colloid 
silica, though this is not in the hyaline condition of modern sponge- 
spicules. The spicular canals are always filled either with chalce- 
donic silica, or glauconite or some other silicate, and these canal- 
casts often remain in the space from which the spicules themselves 
have been removed. 

Besides the sponge-spicules there is an abundance of silica dis- 
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tributed through the matrix of the malmstone, and in some cases 
almost entirely composing that matrix. This silica is also in a 
colloid condition, being quite neutral between crossed nicols, and 
it occurs either in the form of minute granules similar to those seen 
in the spicules or else in a globular form, “ that is to say, in very 
minute bodies with circular outlines though not strictly of spherical 
form.” 

Describing this globular silica, Dr. Hinde says, “the globular 
bodies are either single and quite free, or in groups of two, three, 
or several individuals united together. The single globules present 
well-defined circular outlines; the individuals forming the groups 
are also circular, except where, in contact, they partially coalesce, 
and their margins become abruptly truncated. ... When mag- 
nified about 5U0 diameters they present well-marked variations. 
In the commonest forms there is a marginal ring, about one sixth 
the diameter of the globule, which seems to be faintly striate, while 
the central portion has a granular appearance. In another form 
the surface is covered with faint striz which radiate from an in- 
definite central granule. .... ‘The very smallest and simplest 
globules consist of perfectly clear silica without striz or granules.” 
In size they vary from ‘0014 millim. to :045 millim. They dissolve 
readily in heated caustic potash. 

Finally, Dr. Hinde remarks that “‘ the presence in the same beds 
of silica in an amorphous condition, with the siliceous spicules in a 
similar state, taken in connection with the fact that the beds are 
filled with empty spicular casts from which the spicules have been 
dissolved . . . . points to the conclusion that the colloidal silica 
in the beds has been directly derived from the breaking-up and 
dissolution of the sponge-remains.” He also observes that sedi- 
mentary deposits consisting in part of colloidal silica in a globular 
form seem to be of rare occurrence, and that he had not been able 
to find any previous notice of such. He is unable to explain the 
causes which have produced this singular form of colloid silica or to 
say why the silica of the sponge-spicules should not have passed 
into the more stable condition of chalcedony or crystalline quartz, 
as is the case with those of most other fossil sponge-beds. 

With regard to the bluish nodular concretions found in the 
malmstone, he represents a section of one (pl. 40. fig. 2) as exhi- 
biting numerous spicules in a siliceo-calcareous matrix, and he 
states that the minute globules of silica which are free or but 
lightly aggregated together in the friable portions of the rock, are 
in the nodules enclosed by transparent chalcedonic silica and seem 
to be gradually passing into the crypto-crystalline condition. 


Coming now to the beds which form the subject of the present 
paper, it will be convenient to begin with the lowest horizon, and 
describe a specimen from the cutting some 250 yards south-west of 
Upton Station from what seemed a rather harder course than usual, 
about 70 feet above the base of the Chalk Marl. 

Upton.—A thin section of this, viewed under the microscope, 
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showed the material to be such as is usual in the Chalk Mar!, 
viz. a large proportion of amorphous calcareous material with shelly 
fragments, Foraminiferal cells, and grains of glauconite and quartz 
scattered abundantly throughout. 

But there were also many traces of sponge-structure, a fact in 
itself somewhat remarkable ; for in a large series of specimens of 
Chalk Marl to the eastward the occurrence of sponge-spicules in 
abundance is exceptional. These sponge-remains were, first, the 
shadowy outlines of scattered spicules, and, second, a section of the 
spicular mesh of a Hexactinellid * sponge, the outline of which was 
fa rly well defined and the spicular canals faintly visible. : 

The material of the scattered spicules had a finely granular ap- 
p°arauce, its nature being hardly determinable in the sections ; 
that of the Hexactinellid appeared to be silica in the colloid con- 
dition, which presented partly a confused granular structure and 
partly that of the incomplete rings, as described by Dr. Hinde; 
with polarized light the result was negative. Treating a portion of 
this specimen with hydrochloric acid a brisk effervescence ensued, 
the whole being reduced to powder. The residue proved to be fine 
structureless material, quartz-sand, grains and rod-like fragments of 
glauconite, detached spicules of the Monactinellid and Tetractinellid 
. type, and fragments of the spicular mesh of a Hexactinellid sponge. 

Further examination of the spicular remains showed them to be 
in a condition similar to those of the malmstone described by Dr. 
Hinde. Viewed by reflected light, they appear white and smooth. 
By transmitted light they present a granular appearance, their out- 
line seems irregularly broken, and the impression created is that of 
a slightly rough exterior; their spicular walls remained neutral 
with polarized light. Their canals are in almost all cases empty, 
and air-bubbles can be seen following their ramifications; but the 
rod-like fragments of glauconite seen in the residue after treatment 
of the marl with acid testify that in some cases the spicular canal 
is filled with this mineral. 

Placing the residue of this specimen of the marl in a strong 
solution of caustic potash and maintaining a heat of about 160° or 
170° for 40 minutes, the whole of the free spicules disappeared. 
But the result was different in the case of the Hexactinellid mesh. 
Examining a portion of this from time to time, the granular ap- 
pearance slowly disappeared, and at the end of 40 minutes the mesh, 
when mounted in Canada balsam, while still retaining its form, 
appeared nearly translucent ; viewed with polarized light the silica 
now remaining seemed to be wholly chalcedonic. 

Dr. Hinde, who has very kindly examined this and many other 
of our specimens, writes, “solution seems only to have taken place 
in the nodes of the mesh which are now in places occupied by air- 
bubbles.” The mesh, therefore, consisted partly of colloid and 
partly of chalcedonie silica. 

It appears to us that in this particular specimen of the Chalk 


* This is the only specimen of Chalk Marl we have examined which con- 
tains the mesh of a Hexactinellid sponge. 
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Marl the silica is for the most part retained in the spicules. In 
examining the sections of Marl it is not always easy to determine 
whether the material of which the spicules now consist is silica or 
ealcite; but the greater abundance of free spicules found in the 
residue of this specimen after treatment with acid and the absence 
of colloid silica in globular form leads us to think a large proportion 
of them remain siliceous and have not calcareous casts. 

Chilton.—Specimens of the Chalk Marl taken from the hard beds 
shown in the railway-cutting near Chilton, each at a slightly higher 
horizon, give somewhat different results. 

Viewed in thin sections all show the presence of sponge-spicules, 
these being more clearly defined and more abundant in the upper- 
most of five beds examined. 

The silica of the spicules can here be seen to be replaced by 
calcite, though in some cases it still remains in the colloid state, 
negative to polarized ight. Incomplete elliptical rings can be some- 
times perceived traversing the material of the large spicules, and 
glauconite often fills the spicular canal. 

Treating these specimens with acid, a moderate reaction ensued ; 
but the material did not break up to powder, and even after the 
acid had removed the calcareous matter pressure was necessary to 
break even small lumps. 

Examination of the residue showed that comparatively few of 
the spicules retained their silica, the greater part of them having 
been destroyed by the acid, and only a few of Monactinellid and 
Tetractinellid types remaining. In these the silica preserved the 
characters already described. 

In the finer part of the residue colloid silica in the globular form 
existed in considerable quantities. ‘The globules correspond very 
closely with those described by Dr. Hinde, have circular outlines, 
and occur singly, or in groups, or in linear series, their outline 
being broken at the point of contact. They are, however, smaller 
than those of the greensands and malm, their diameter being about 
‘0006 of an inch, and their outline is less even and regular. Some 
appear to be discs with greater or less convexity, others are cer- 
tainly spherical, the majority have a nuclear spot; but in these we 
have been unable to detect any radiate striation. Small masses of 
the globules have a brownish tint. All globules and spicules dis- 
solved readily in heated caustic potash and are neutral with pola- 
rized light. 

Sponge-remains were most abundant in the higher bed about 
6 feet below the Totternhoe Stone, and it is here that the condi- 
tion of the spicules can be most conveniently examined. Crystal- 
line calcite can be seen to have replaced the silica of many spicules, 
but in others it still remains in the amorphous or colloid state. 

With the increase in the number of spicules in this bed the 
amount of colloid silica in globular form increases also. It can be 
seen in thin sections dispersed through the matrix and also filling 
the cells of Foraminifera, the calcareous tests of which still remain. 

It is impossible, by microscopic examination, to estimate accu- 
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rately the quantity of silica in the globular form which is dissemi- 
nated through the marl; but we believe it forms a much larger pro- 
portion of the bulk of the materia] than chemical analysis would lead 
one to suppose. 


As already stated, we have also found disseminated colloid silica 
in considerable quantities in the Chalk Marl of Wiltshire. The 
amount varies in different specimens, and in some cases the 
globules are exceedingly minute. 

In all specimens examined spicules of sponges were present, in 
some only sparingly, in others they were more abundant. Usually 
they are rather small and thread-like, and appear merely as shadowy 
outlines in the matrix of the marl, but here and there in thin 
sections spicules can be clearly seen; in some the silica remains in 
the amorphous or colloid condition, in others it is clearly replaced by 
calcite. Siliceous spicules and rods of glauconite, the casts of the 
spicular canals, may also be found in the residue of the marl after 
treatment with acid. 

Compton Basset.—Sponge, spicules are numerous in a hard bed 
40 feet above the Chloritic Marl. In this the silica of many 
spicules can be seen to be replaced by calcite. Much colloid silica, 
in globules rarely exceeding ‘0005 of an inch in diameter, occurred 
in the residue after treatment with acid. As in the Chilton 
specimens their outline is not so even as in those of the Malmstone; 
but in most other respects they are precisely similar, occurring in 
linear series, in groups and larger aggregations, or singly. Some 
still remain attached to tbe rods of glauconite which once filled 
the spicular canals. 

Colloid silica also appears to be present in a specimen of the 
marl taken 60 feet above the Chloritic Marl at Compton. In this 
case its form can hardly be termed globular. A large part of the 
finer residue, after treatment with acid, consists of aggregations of 
minute but defined particles of irregular shape, amongst which a 
few well-formed globules occur. The material seems to be of the 
same nature as the globules, it is neutral with polarized light and 
dissolves readily in caustic potash. 

Stockley.—This is a small place about 4 miles north of Devizes, 
and the pit where our specimen was taken is on the slope of the 
hill a very little way, probably not more than 20 feet, above the 
base of the Chalk Marl. The specimen is more marly and less 
hard than is usual in beds which we have found to contain much 
colloid silica. Well-defined sponge-spicules are seen to be fairly 
common in thin sections. Calcite has replaced the silica in some 
of them, in others it is in the amorphous or colloid condition. 
Rods of glauconite, which appear to have been the casts of the spi- 
cular canals, may also be seen in the sections, the walls of the 
spicules having disappeared entirely. The material does not break 
up on treatment with acid, and colloid silica in well-marked 
globules occurs abundantly in the residue. This is the lowest 
horizon at which we have found disseminated silica. 
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Allington.—A specimen of marl 140 feet below the Melbourn 
Rock contains but few spicules, and siliceous globules occur only 
sparingly in the residue. About 80 feet below the Melbourn Rock 
at Allington is a bed of hard Chalk Marlin which spicules occur. 
Treatment with acid easily reduced the material to powder, the 
residue consisting of quartz-sand, a few siliceous spicules, &c., and 
a large proportion of flocculent matter. This, when dried, mounted 
in Canada Balsam, and viewed with a power magnifying 200 dia- 
meters, appeared full of specks, but otherwise structureless; entangled 
in it were minute particles of quartz. When magnified 640 
diameters many of the specks could be resolved into minute discs 
rarely more than -0U02 inch in diameter, bearing a strong resem- 
blance to the globules of colloid silica. As a rule these minute 
discs are single, but groups of three and four can be seen. ‘Their 
outline appears generally circular, but not always so; like the larger 
globules they are neutral to polarized light and easily destroyed in 
caustic potash. 

In a hard bed 40 feet below the Melbourn Rock at Allington, 
the highest well-defined bed in the Lower Chalk of this district, 
sponge-spicules are seen sparingly. ‘Their condition appears to be 
as usual, some being siliceous, while in others the silica is replaced by 
crystalline calcite. This bed contains a large proportion of coarse 
shelly fragments, chiefly Jnoceramus-prisms, reminding one of the 
Totternhoe Stone. Scarcely any globules of colloid silica occur in 
the residue, but a large proportion of the Znoceramus-prisms are 
completely silicified and are unaffected by acid; immersion for 30 
minutes in a heated solution of caustic potash hkewise appeared to 
have no effect on them. 

Etchilhampton Hill.—Two specimens of Chalk Marl were taken 
from a pit on this hill about 100 feet above the Chloritic Marl. 
The chalk here contains a large proportion of smallish shell-frag- 
ments, none of which are silicified. The specimen from the base 
of the pit contains but few spicules and little colloid silica; but in 
that from the upper part colloid silica in well-marked globules or 
ageregations of them occurs plentifully. Sponge-spicules can be 
seen in thin sections of this specimen, but they are not well defined ; 
calcite appears to replace the silica in most of them; a few spicules 
with their silica in the amorphous condition were found in the 
residue after treatment with acid. 

Eastcott—Sections of the Chalk Marl from various parts of the 
whitish friable chalk in which the chert-like nodules occur at 
Eastcott show that it does not differ materially from the marl of 
the district. Sponge-spicules are common, though not abundant, and 
are seen perhaps more distinctly than usual. The greater part of 
them are fine and thread-like, and in these the silica seems to be 
replaced by calcite; but in the larger ones it is chiefly in the amor- 
phous or colloid condition. 

In none does the silica appear chalcedonic. The material will 
not break up on treatment with acid, and the finer part of the 
residue consists almost entirely of colloid silica in globules or aggre- 
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gations of them. These globules are smaller and less even in their 
outline than those of the Malmstone, but are identical with those 
of the upper bed in the Chilton cutting. The marl immediately 
surrounding the chert-like nodules shows no difference in its cha- 
racter ; but the globules of colloid silica are distinctly larger and 
more closely resemble those of the Malmstone. 

The material of the nodules themselves is the same as the sur- 
rounding marl. Grains of glauconite and quartz tegether with 
Foraminifera and fragments of shells are scattered through the mass 
just as they are through the surrounding chalk, from which it only 
differs in the presence of the chalcedonic silica, which appears to 
permeate and partially replace the calcareous material. That some 
calcareous matter remains 1s proved by effervescence when a piece 
is placed in acid; but the action is much less brisk than in the 
case of the surrounding material, and shows that the amount of 
calcareous matter in the chert is small. Sponge-spicules are 
abundant, many are of the type found throughout the marl, fine 
and thread-like in form ; but others occur much larger in size. In 
the greater number of them the silica is either wholly or in part 
in the condition of transparent chalcedony, and chalcedonie silica 
also fills cavities which appear to have been produced by the decay 
of organic fragments other than spicules, and also the interior of 
the cells of Foraminifera, which yet retain their calcareous tests. 

There are spicules, however, with their silica still in the amor- 
phous or colloid state, and the sections of the nodules exhibit 
remarkably well the various changes in their condition. 

Colloid silica in globular form is very abundant, the globules 
being in all respects similar to those of the Malmstone and Green- 
sands described by Dr. Hinde. Globules are especially abundant in 
the vicinity of sponge-spicules and may be seen filling the spicular 
canals even where the walls are of transparent chalcedony. In 
fact they frequently appear surrounded by chalcedonie silica, and 
it is difficult to say whether they are or are not “ chalcedonified ; ” 
but after the action of acid and heated caustic potash we have 
been unable to detect a single free globule of chalcedonice silica, 
and only those remain which appear to have been protected by 
the surrounding chalcedonic material. Spicules treated for 30 
minutes in heated caustic potash present a rugged and uneven 
outline, showing that the silica is not completely crystalline. 

It is interesting also to find that the constitution of the hard 
siliceous nodules in this chalk is similar to that of the nodules 
which occur in the Malmstone. Dr. Hinde, in a letter to one of 
us, says “the portion of the chert-like nodule closely resembles the 
bluish nodules which occur in the Malm or Upper Greensand of 
Merstham and Godstone, which are locally known as flints; and 
the sections from them likewise correspond to a great extent with 
those I have from the Merstham nodules, save that in your speci- 
mens the minute siliceous discs or elobules of colloid silica are less 
abundant and seem to have been converted into transparent chalce- 
GO ions cies asse The silica is partly amorphous and partly chalcedonic; 
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and the gradual change from the amorphous to the chalcedonic 
condition is very distinctly visible.” 

Dr. Hinde thinks that the nodules can hardly be correctly termed 
chert, because the silica of ordinary chert is entirely chalcedonic, 
whereas our specimens have an admixture of amorphous silica and 
of amorphous calcareous matter, so as to be really calcareo-siliceous 
concretions. But we think the preponderance of chalcedony and 
the general similarity of the nodules to those of chert in other lime- 
stones entitle them to come under that designation. 

We have also examined the two conspicuously hard beds which 
occur in the chalk above the horizon of the chert-like nodules. 
Neither of them contains any colloid silica, but many of the coarser 
shelly fragments they contain appear to have been replaced by chal- 
cedonic or crystalline silica. The silicified prisms of Jnoceramus- 
shell are common in the uppermost bed, which is probably a con- 
tinuation of that about the same horizon at Allington. 


Chemical Composition of the Siliceous Beds. 


Microscopical examination having revealed the presence of a 
large amount of siliceous matter in some of our specimens, we 
were desirous of ascertaining the precise amount of this, and at the 
same time of determining the relative proportions of the amorphous 
or colloid silica in the beds where that seemed to be most abundant. 

We had made a rough estimate of the proportionate amounts of 
the principal ingredients of the highest siliceous beds near Chilton 
by estimating the bulk of each visible in thin slices under the 
microscope, with the following results :— 


Amorphous organic silica .... about 20 per cent. 
Inorganic silica and glauconite ,, 15 Hf 
Caleareous matter .......... OS) . 


This, however, could only give a general idea of the proportions, 
aud we therefore had some analyses made for the purpose of obtaining 
more accurate results. The following analysis of the highest bed 
in the Chilton cutting was made for us by Mr. J. West Knights, 
the borough analyst for Cambridgeshire :— 


Siliceous matter insoluble in hydrochloric acid. 33°6 


Pilica soluble im hydrochlorie acid -.-.--...- “4 
xcevor iron and alumina 555.522. 55.50. 8 
WAROOMATEOM MIC. css e cote (eas Ueto 63-4. 
Carbomave or macnesia ...).. 5 eh 8s esis es Iles 
Praceotalikalies and loss: 22. fo sey ee. 3 

100-0 


Of the 33°6 per cent. of silica insoluble in hydrochloric acid, 15 
per cent. was dissolved by a boiling solution of sodium carbonate. 
This analysis serves to give an idea of the general composition of 
the rock. The material was dried at a temperature high enough to 
dissipate all water; hence the absence of water in the analysis. 
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[Since this paper was written, one of us has had the opportunity 
of conferring with Mr. J. B. Harrison, formerly of Christ’s College, 
Cambridge, and now Island Professor of Chemistry in Barbadoes. 
He kindly offered to separate the several kinds of siliceous matter 
for us by elutriation and solution in caustic potash, and a sample of 
the same bed was analyzed by him with the following results :— 


Moistureys oy 5 dsp. yet ena hte 1:08 

Combined water and traces of organic 
MA PGOT i are. Sete eee emenee ea ee Sic 3°18 
Colloidisiliea «o., 2% 22 ne See aero 19-08 
Quartz andia little micangrerree seer 11°23 
ClayAandyelaucomitesy nee eee eee "47 

Carbonate of lime and magnesia by 
GumeT ENCE 1 we. Mies necks 2.ohe ce alan Loe 64:96 
100-00 


Prof. Harrison, therefore, makes the proportion of soluble silica 
rather higher, amounting to about 19 per cent. as compared with 
the 15:4 per cent. of the first analysis. It is possible, and 
even probable, that the proportion of organic silica varies consider- 
ably in different parts of the rock, and that to obtain an accurate 
estimate of the average amount, several samples should be pounded 
up and a small quantity of the powder so obtained submitted to 
analysis. 

The method employed by Prof. Harrison in estimating the amounts 
of the several siliceous matters was as follows:—The sample was 
ground fine, and two portions of about 2 or 3 grams each were taken 
and dissolved in dilute acetic acid. One of these was evaporated to 
dryness, washed, and the residue weighed, which consists of the 
total iron, alumina,’clay, silica, &c. ; call this residue A: after igni- 
tion it is heated with concentrated sulphuric acid until decomposed, 
the residue boiled with dilute hydrochloric acid to remove iron and 
alumina, then with a mixture of caustic soda and carbonate of soda 
solution, which dissolves all amorphous silica and leaves the residue 
of mica and quartz-sand. The other portion is not evaporated, but 
washed free from lime-salts and then washed by suction with a hot 
solution of mixed caustic soda and carbonate of soda, washed until 
free from alkali, and weighed ; this (B) gives the clay, glauconite, 
and insoluble silica. The difference between A and B gives the 
soluble silica. | 

It only remained to test the Eastcott chalk in which the peculiar 
cherty nodules were found and to see if that material gave similar 
results. A sample of this was sent to Mr. J. Brierley, the Borough 
Analyst of Southampton, who had very kindly offered to estimate 
the proportion of soluble silica for us; and we quote the following 
from his report :—- 

“The total insoluble matter, after evaporating the hydrochloric- 
acid solution, was 35°17 per cent. ; of this there was 
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‘¢ Soluble in alkaline carbonate after 


boiling 15 minutes ........ yy L2Gil 
Ensolubletin thessame:. .. 3: hr.!. 22°56 
Byer IL 7 


“The silica formed such a network that it prevented the acid 
getting at the carbonate of lime to dissolve it, the effervescence 
ceasing till a portion was broken off and a fresh surface exposed. 
The mass had to be rubbed down with a pestle to make sure of the 
acid dissolving out all soluble matter and thoroughly decomposing 
all soluble silicates [if any existed]. I preferred to do this rather 
than powder the chalk previously, as it afforded a better idea of 
the distribution of the silica and the constitution of the sample.” 

The only question which remains is whether any silicates exist 
in the specimen which would be decomposed by the action of the 
hydrochloric acid and leave their silica free to swell the amount 
subsequently dissolved in the alkaline carbonate. The only silicate 
present in appreciable quantity is glauconite, and, so far as we can 
ascertain, this is not acted on by the acid at ordinary temperatures ; 
for the grains and rod-like fragments of this mineral appeared to be 
unaltered when examined under the microscope after the chalk was 
treated with cold acid and the residue boiled for 20 minutes in 
caustic potash. Hot acid, however, decomposes glauconite with 
separation of silica, and the amounts of soluble silica in Mr. Knights’ 
and Mr. Brierley’s analyses may include such separated silica. Prof. 
Harrison used a special method of estimation, which avoids this diffi- 
culty and gives a more accurate result (see p. 414). 


Résumé and Conclusions. 


We have shown that in the Lower Chalk of Berkshire and Wiltshire 
there are beds which contain a large amount of disseminated colloid 
silica, and are comparable in general structure to the Malmstones 
of the Upper Greensand. Dr. Hinde’s study of the latter led him to 
believe that the globular colloid silica which they contain has been 
directly derived from the remains of siliceous sponges, and the study 
of our Chalk specimens has confirmed his conclusion by adding several 
important pieces of evidence. Thus the contrast between the speci- 
mens which contain disseminated colloid silica, and that which con- 
tains none but in which the sponge-spicules are mostly, if not all, 
siliceous, is highly suggestive of the inference that the disseminated 
silica was largely, if not wholly, derived from the spicules. Again, 
we find that the amount of free disseminated silica increases in pro- 
portion to the number of spicules, and calcite casts of spicules, which 
occur in the rock. The great similarity between the siliceous chalk 
and the Malmstone is also heightened by the occurrence of similar 
siliceous concretions in both rocks, the material of which may be 
described as siliceous chalk indurated by a cement of chalcedonic 
silica. 
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Let us now recapitulate the several conditions in which the silica 
occurs in the Lower Chalk, stating them in an order which proceeds 
from the least to the most siliceous kind of rock :— 

1. There is a chalk which differs from ordinary Chalk Marl only 
in containing numerous sponge-spicules, and these are all, or nearly 
all, of silica, which is but slightly changed from the clear colloid 
condition in which it originally existed. . 

2. There is chalk in which a certain amount of free colloid silica 
occurs, but it is disseminated through the mass in the form of very 
minute globules, so small that they can hardly be recognized with a 
power of less than an eighth of an inch (=640 diams.), This 
silica is generally associated with very small sponge-spicules. 

3. There is chalk which contains aggregations of larger globules 
of silica, easily distinguishable with a quarter-inch objective (7. e. 
200 diams.), and this chalk always contains a larger number of 
spicules, many of them being of large size. Such chalk does not 
fall to powder when placed in acid, but the insoluble residue stands 
as a firm siliceous mass. 

4. There is a chert-like nodule which differs from the last only 
in being permeated and indurated by an infiltration of chaleedonic 
silica, this having replaced some, but not all, of the calcareous 
matter. 

Leaving the chalcedonic silica out of consideration for the moment, 
we have in the most siliceous chalk an amount of colloid silica 
estimated at from 15 to 19 per cent. by weight, and possibly more in 
volume. Again the matrix of some portions of the Surrey Malmstone 
is almost entirely made up of such silica, and the total amount of so- 
called soluble (or colloid) silica present in such samples was esti- 
mated by Messrs. Paine and Way at from 50 to 75 percent. Now, 
as the mass of siliceous chalk at Eastcott is at least 10 feet thick, 
as the Surrey Malmstone is estimated at 25 feet, and that of 
Oxfordshire and Berkshire attains a maximum thickness of 70 or 
80 feet, the amount of disseminated colloid silica in these rocks is 
obviously very large. 

If, therefore, we are to assume that all this silica has in some 
way or other been furnished by the spicules of siliceous sponges, we 
may feel a difficulty in understanding how there came to be such 
an accumulation of spicules as would be required for the supply of 
this silica. Without the knowledge of some recently published 
facts, it would undoubtedly have been difficult to account satis- 
factorily for the existence of so many separate spicules. We might 
certainly have supposed that many hundred thousand siliceous 
sponges have lived and died on the sea-floors represented by these 
beds, and that they were of species whose skeletons were entirely 
composed of spicules; this, indeed, Dr. Hinde informs us, was the 
case with the sponges to which the spicules occurring in the Malm- 
stones belong. We might, too, have supplemented this source 
of supply by supposing that many were drifted from distant colonies 
of sponges, borne by the same currents that carried the fine inor- 
ganic particles which occur in the matrix. These, however, were 
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probably surface-currents, which gradually lost their force, and 
allowed their burden to subside, whereas the spicules would have 
to be picked up from the sea-floor and carried onward. 

The action of gentle bottom-currents may perhaps partly account 
for the wide distribution of the spicules; but Prof. W. J. Sollas has 
furnished us with a sufficient reason for their wide-spread abun- 
dance. He has found that many, if not all, siliceous sponges are 
continually shedding some of their spicules, and that the number 
of spicules shed by such a sponge during its lifetime must be very 
great, and may possibly be larger than the number of spicules 
existing at any one time in the sponge itself. The facts will be 
found in his Report on the siliceous sponges collected by the ‘ Chal- 
lenger’ Expedition, but we quote the following from another publi- 
cation :—“ In one case (Cydoniwm neptunt) they [the shed spicules | 
accumulate within certain cavities of the interior of the sponge, 
completely filling them up, so that they look as if stuffed with 
cotton-wool: the quantity of spicules so preserved must, I should 
imagine, amount to at least one-fifth of the total quantity present 
in the sponge; but these are only what, by an accident of structural 
character, are preserved and can beseen. Howmany others have been 
extruded at the surface, fallen on the sea-floor, and left no trace of 
their previous connexion with the sponge behind, we do not know, 
and have no means of knowing. But it is a very suggestive fact 
that at one of the stations from which the ‘ Challenger’ obtained 
sponges in great numbers (Station 149, off Kerguelen), the mud of 
the sea-floor from which the sponges were dredged is crammed full 
of sponge-spicules ; and though the majority of these may have been 
derived from dead sponges, yet a goodly proportion may quite fairly 
be regarded as having been cast out from the living sponges” *. 

These facts enable us to understand the abundance and the wide 
distribution of the spicules which seem to have supplied the material 
for the formation of the disseminated globular silica. 

The next point for consideration is whether the formation and 
accumulation of the globular silica went on contemporaneously with 
the deposition of the calcareous material on the sea-floor, or whether 
the conversion of the spicules into such silica took place after the 
consolidation of the rock. Dr. Hinde believes that, in the case of 
the Malmstones 7, the deposition of the silica took place after the 
consolidation of the rock; he supposes the silica to have been 
derived from the spicules, of which some of the empty casts can be 
seen, and that the material of these was dissolved by water percola- 
ting through the rock, and redeposited in the form of globular 
colloid silica. We find, however, much difficulty in accepting this 
view of the formation of Malmstone, and much more difficulty in 
applying it to the case of the siliceous chalk. 

When we consider the occurrence of colloid silica in a similar 
globular condition diffused throughout the calcareous material of a 

“ A Contribution to the History of Flints,” Proc. Roy. Dubl. Soe. vol. vi. 
pt. 1 (1887). 

+ Phil. Trans. 1885, part i. p. 403. 

Q.J.G.8. No. 179. Di Tee 
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bed of chalk, the re-arrangement of particles throughout the whole 
mass of the rock can hardly be imagined as haying taken place after 
even partial consolidation. In the case of a calcareous ooze con- 
taining numerous spicules, and partially consolidated, 7. ¢., com- 
pacted and compressed by the weight of overlying deposits, the 
spicules might be dissolved, but the silica could hardly be re-deposited 
within the same bed without a replacement of some part of the 
material forming that bed. 

It seems to us that the most natural conclusion to be drawn from 
the facts is that the intimate mixture of calcareous and siliceous 
material was formed before the consolidation of the rock, and while 
it was still in a sufficiently oozy condition to admit of easy molecular 
redistribution ; and we think that this was the case with the Malm- 
stone as well. 

We are, of course, prepared to admit that the empty casts of 
spicules which occur in the Malmstones, and occasionally in the 
Chalk, prove that some spicules were dissolved after the consolida- 
tion of the rocks ; but we see no reason to think that the silica from 
these particular spicules has gone to form any part of the globular 
silica which is disseminated through the rock, and makes up so 
large a part of their mass. 

The final problem presented for our consideration is to ascertain 
the manner in which the globular silica was formed and dissemi- 
nated through the beds of chalk. This is a question in chemical 
geology, for “the proper discussion of which we do not feel ourselves 
very well fitted, and the remarks we venture to offer must be taken 
as suggestive, rather than as the expressions of qualified opinion. 

We were at first inclined to think that the disseminated colloid 
silica had been derived directly from the disintegration of spicules 
in which the globular structure had been previously developed ; 
this molecular change in the substance of the spicules may, in fact, 
be seen in every stage of progress, and we thought it possible that 
when the globules had been so formed they might resist the action 
of solvents better than the unaltered outer wall of the spicule, so 
that when set free by the solution of the latter they would become 
mixed with and distributed through the surrounding calcareous 
00ze. 

This theory would satisfactorily explain the existence of the 
disseminated silica in a globular form without the necessity of sup- 
posing that it had gone through a process of solution and precipi- 
tation as colloid silica, but it did not prove to be in accordance with 
all the observed facts. If the silica only occurred in the shape of 
free globules or in linear series of globules, there would be less 
difficulty; but it often occurs in irregular masses or lumps far larger 
than the diameter of any spicule, and in such Jumps it is only on 
the outside that well-formed globules can be seen, the inside show- 
ing only an indefinite kind of segregation, as if the mass had grown 
too rapidly for the development of free circular surfaces. The 
existence of such bunches or aggregations of malformed globules 
seems, indeed, to indicate growth or precipitation from solution. 
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Again, colloid silica of the same character often fills the chambers 
of Foraminifera, and in other cases half-globules or discs of such 
silica are seen clinging to both the inner and outer surfaces of a 
Foraminiferal chamber—modes of occurrence which it is difficult, if 
not impossible, to account for on any theory except that of pre- 
cipitation from solution. 

We are therefore compelled to suppose that the globular silica 
was precipitated from solution, and that this precipitation took 
place before the consolidation of the beds, and while they were 
still permeated by sea-water. That oceanic waters contain silica in 
solution is certain, because it must be from such a solution of silica 
that the sponges obtain the material secreted in their spicular 
skeletons, and in deep water, where the pressure is great, the 
amount of silica in solution may be considerable ; but it is very diffi- 
eult to understand the precipitation of any of this dissolved silica with- 
out the intervention of organic agencies. It is hardly possible to 
conceive conditions under which the water could contain a saturated 
solution of silica; but we may perhaps imagine that the water 
which lies over large fields of sponge-spicules holds more silica in 
solution than that overlying more calcareous bottoms, which may 
perhaps be saturated with carbonate of lime. If this were so, and 
if a gentle current then brought the lime-bearing water into the 
siliceous tract, 1t 1s perhaps conceivable that some of the silica 
might be displaced by the lime ; but we admit that we are here losing 
ourselves in the realms of speculation. 

In the above considerations we have already dealt only with the 
colloid silica, because it seemed clear to us that the precipitation of 
the chalcedonic silica of the cherty nodules was a secondary and 
subsequent operation, and that the conditions under which it took 
place were different from those which favoured the precipitation of 
the colloid globular silica. We are disposed to regard all nodular 
concretions resembling flints and phosphatic nodules as growths which 
were more or less contemporaneous with the deposition of the 
materials of the enclosing rock ; and we should not accept the view 
that the cherty nedules in the Malmstone and Lower Chalk were 
formed after the consolidation of those rocks without very strong 
evidence to that effect. We are, however, inclined te connect the 
disappearance of the silica which once occupied the empty spicule- 
casts, and that of the spicules which are now replaced by calcite, with 
the formation of the chalcedonic nodules; and if this is correct, the 
rocks must have been so far consolidated that little mechanical 
movement of their component particles could be effected. If, how- 
ever, masses of colloid protoplasm like those described by Dr. 
Wallich * were enclosed in the deposit, their slow and gradual 
decomposition might conceivably set up chemical reactions, whereby 
the silica of the spicules in the surrounding mass might be dissolved 
and re-deposited in the place of the organic matter. 

We are here approaching the problem of the formation of flints, and 
we think it will hardly be denied that the existence of the four kinds 


* Quart, Journ. Geol. Soc. vol. xxxvi. p. 79. 
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of siliceous chalk mentioned on pp. 415-416 is suggestive of the infer- 
ence that the first three are stages in the production of highly siliceous 
chalk, and that the fourth process has resulted in the formation of 
a nodule which bears a very strong resemblance to a flint. In this 
connexion we may refer to a paper by Prof. W. J. Sollas, written 
in 1880, wherein he states his belief that flints have been formed 
by the gradual elimination of the calcareous matter from a mass of 
siliceous chalk, and its replacement by silica. ‘“ Briefly tosum up,” 
he says *, “a deposit of sponge-spicules accumulated in the chalk 
ooze, and in the presence of sea-water under pressure, entered into 
solution. Replacement of the calcareous material of the ooze then 
ensued, small shelis, and many large ones too, being converted into 
silex ; and siliceous chalk, not flint, was the result. The chambers 
of the Foraminifera and the interstices of the chalk were now filled 
up by a simple deposition of silica, and the siliceous chalk became 
converted into black flint, an incompletely silicified layer of chalk 
remaining as the white layer of its surface.” 

This theory was suggested by the presence of siliceous chalk, a 
mixture of chalky powder and siliceous spicules, inside certain flint 
nodules, and he was therefore imagining a different kind of siliceous 
chalk from that described in the preceding pages. The chert 
nodules, however, may be regarded as siliceous chalk (7. ¢. a mixture 
of chalk and colloid silica) still further silicified in the manner 
suggested by Prof. Sollas, but not so completely silicified as to be 
converted into flint. It is not difficult to imagine the effect of a 
further influx of silica in sufficient quantity to replace all the 
remaining calcareous matter; all the separate particles which are 
now distinguishable would then be obscured and merged into the 
solid translucent chalcedonic matrix or medium, just as the spicules 
which can sometimes be seen in hollow flints, half freely projecting, 
and half completely merged in the solid flint. Probably if these 
nodules had been converted into flints their colour would have been 
grey like those in the Middle Chalk of Lincolnshire. 


Discussion. 


Dr. Evans was struck with the difficulty which had been expe- 
rienced in determining what was colloid silica. The term was liable 
to mislead. Flint had been defined as being of two kinds, a erys- 
talline and an amorphous silica. The solubility materially varied 
with the solvent used. The ordinary chalk-flints contain much 
silica soluble in ordinary water; this is strictly colloid silica, and it 
has been removed from flint implements within human times. The 
question before the Society would be simplified if the real nature of 
colloid silica were better defined. 

Dr. Hinvz stated that the specimens and sections from the Chalk 
Mar] exhibited by the Authors were of a precisely similar character 
to those which he had described from the Malmstones of the Upper 
Greensand. His own work was directed not so much to ascertain the 


* Ann. & Mag. Nat. Hist. ser. 5, vol. vi. p. 449. 
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method by which the silica had reached its present condition as to show 
that it had been derived from sponge-remains, and this view was 
fully borne out by the Authors. He had depended toa great extent 
on optical evidence as to the presence of amorphous silica. The 
sections in which the silica was negative in polarized light between 
crossed nicols he had regarded asamorphous. The view that the accu- 
mulation of spicules in these fossil sponge-beds was mainly owing to 
the shedding of the spicules by the living sponges required confirma- 
tion; he believed it was rather due to the disintegrated skeletons of 
successive generations of these organisms. 

Prof. Srrtry had doubts about the formation of colloid silica at 
the period of deposition of the roek. He believed the sponges 
furnished soluble matter to water percolating through the rock, and 
that the process had been going on for long ages. 

Dr. Hicxs differed from the last speaker as to his way of account- 
ing for the silica found among the older rocks. The siliceous bands 
in the Carboniferous Limestone, for instance, must be considered 
contemporaneous deposits. 

Mr. Hitt could not define at present what was or was not colloid 
silica. In answer to Prof. Seeley, he observed that there were in 
the Chalk-Marl of Wiltshire beds containing quantities of shell-frag- 
ments the material of which was replaced by silica ; he thought if 
silica was deposited by percolating water, as Prof. Seeley suggested, 
it would hardly be in the globular form. 
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28. The NorruErn Stores of Caper Ipris. By Grenviize A. J. Core, 
Ksq., F.G.S., and A. VaueHan : ENNINGS, Esq., F.L.S. (Read 
April 17, 1889.) 


I. The General Features of the Surface (Fig. 1). 


Srnce the year 1829, when Mr. Aikin published in the Transactions 
of the Geological Society of London his ‘‘ Notes on the Geological 
Structure of Cader Idris ”*, much attention has been called to the 
stratigraphy of the district, while the maps and memoir of the 
Government Survey have guided numerous workers and have pointed 
out the relics of eruptive activity in which Merionethshire abounds. 

Mr. Aikin, while describing the general features presented by the 
rock-masses as they succeed one another on the mountain-side, notes 
also many of their mineral peculiarities, combining in his paper the 
breadth of view and accuracy of detail that characterize so markedly 
the works of many early observers, pioneers whose knowledge was 
largely dependent upon personal researches in the field. 

Sir A. C. Ramsay, in the first and second editions of his ‘* Geology 
of North Wales” +, deals fully with the physical structure and rela- 
tions of the slate-beds, the ashes, and the intrusive sheets that rise 
tier upon tier above Dolgelley. We have thought, however, that 
some further investigation into the nature of the eruptions in this 
area, and the characters of their products at successive stratigraphical 
horizons, might even now add somewhat to the interest with which . 
all geologists, in common with all lovers of scenery, regard the 
heights of Cader Idris. The publication of the six-inch Ordnance 
map, though too late to be of service in our earlier observations, 
has enabled us to ascertain the height of many points with precision, 
and to better estimate the thickness of the various groups of 
rocks ¢. 

Despite the fine valley descending to Tal-y-llyn, and the cliffs of 
Cwm-ammarch and Pen-coed, the northern slopes of the mountain 
are by far the most attractive from a structural and geological point 
of view. The strata and their intercalated igneous material dip to 
the south and to the south-east, forming one flank of Sedgwick’s 
<‘ Merionethshire anticlinal;” and their denuded edges form a series 
of bold escarpments that face the Harlech plateaux on the north. 
Aided by these exposures, Prof. Sedgwick, in a memorable paper in 
1847 §, traced the succession of “ fossiliferous slates” and ‘“ con- 


* Trans. Geol. Soc. ser. 2, vol. ii. p. 278. 

t+ Memoirs of Geol. Survey of Gt. Britain, vol. iii. 2nd edition, 1881. 

t We have followed this map in the spelling of names, in the hope of 
securing uniformity. 

§ “On the Classification of the Fossiliferous Slates of North Wales, Cumber- 
land, Westmoreland, and Lancashire,” Quart. Journ. Geol. Soe. vol. iii. pp. 183- 
164. 
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temporaneous porphyries” from the 
Barmouth estuary across Cader Idris 
to Machynlleth, recognizing his Ffesti- 
niog and Tremadoc group in the foot- 
hills near Arthog and Dolgelley. 

Above these picturesque and wooded 
promontories, some six or seven hun- 
dred feet in height, the ground rises 
for another eleven hundred feet as a 
broken grassy upland, set with little 
scattered cliffs, the slopes being easy 
of ascent except to the west of Tyrau 
Mawr, where the valley between the 
lower and upper ranges is rapidly nar- 
rowing to its head. On the east, the 
glaciated front of Mynydd-y-Gader, 
the “ Stony Mountain ” of Mr. Aikin, 
forms a bold contrast to these green 
and softer ledges. 

From this level the great wall of 
Cader Idris rises, with several pictu- 
resque lakelets at its foot, a precipice 
some seven miles long and at its boldest 
point nine hundred feet in height. 
Across it, however, there are several 
easy foot-tracks, and from its crest the 
dip-slope of the hills can be seen de- 
scending southward, smooth and grass- 
covered, to the Towyn valley and Tal- 
y-llyn. 


Il. The Tuffs and Sedimentary 
Deposits. 


Starting southward from the level 
of Llyn Gwernen, on the old Dolgelley 
and Towyn road, the first rocks en- 
countered on these northern slopes are 
the black slates so well displayed in 
the deep pit-like quarry of Penrhyn- 
gwyn. Thecleavage is almost perpen- 
dicular to the bedding, which dips here 
somewhat west of south. On the up- 
permost ledge of the excavation the 
first evidence of contemporaneous vol- 
eanic activity occurs. A grey amygda- 
loidal andesite, five to six feet thick, 
rests upon the cleavage-edges of the 
slates, being itself only slightly affected 
by the earth-pressures of the district. 
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The calcite, however, that fills up the vesicles of this rock has 
become bent and even granulated, as may be seen in microscopic 
sections ; the porphyritic felspars, which are plagioclastic, are also 
largely replaced by calcite, and lie in a fine-grained matrix of pris- 
matic plagioclase-felspar and granular altered pyroxene. The beds 
immediately below have been converted into spotted slate, and the 
igneous mass appears to be an intrusive sheet rather than an actual 
lava-flow. 

However this may be, it is followed by a considerable thickness of 
grey volcanic tuff, in marked contrast to the compact dark slates 
below ; felspar crystals, about one eighth of a inch in length, are 
freely scattered through this deposit, accompanied by slaty frag- 
ments, the abundance of which points to considerable volcanic 
activity. The flakes and lenticular fragments of clay and shale 
thus torn from the old sea-floor appear to have shrunk and cracked 
internally during the consolidation of the tuff. On exposure, a 
septarian structure is often revealed towards the centre, which 
becomes brown on weathering, while the outer portion, and the entire 
flake in smaller instances, has become dense and irregularly fissile, 
exhibiting a lustrous surface like that of slickensided slate. These 
argillaceous fragments, sometimes six or seven inches long, flung 
out imperfectly consolidated among the first products of eruption, 
may have been baked and metamorphosed, externally at any rate, 
by the invading igneous sheets, and have subsequently acquired 
some of the characters of slate. The larger fragments appear as 
elongated and flattened “ eyes” in the midst of the more yielding 
ash; while the smaller pellets, on the other hand, spread out by 
dynamic action, have given rise to the thin black lustrous films 
that occur so frequently in this rock. 

Under the microscope the tuff is seen to abound in particles of 
scoriaceous andesite-glass, now converted into a green palagonite; and 
round these, as well as round the scattered plagioclastic felspars, 
the fine interstitial ash has assumed a kind of flow. Flecks of iron 
pyrites are very common. 

Similar tuffs with black clayey inclusions are well seen at the base 
of the Snowdonian eruptive series, as at Llyn Llydau and between 
Rhyddu and Beddgelert. Comparison is naturally suggested with 
the well-known beds in the Vorder Eifel, where, however, a still 
greater contrast is afforded by the hard cleaved particles of Devonian 
slate and the loose ash in which they lie. 

The upper portion of this slate-tuff, or shale-tuff at the time of 
its formation, passes into a compacter ash, above which dolerite 
occurs. ‘The higher slopes, rising another thousand feet as far as 
the floor of Llyn-y-Gader, consist of repetitions of slate-tuff and 
abundant finely bedded ash, in which intrusive sheets, of fairly basic 
character and of very various grain, have produced extensive altera- 
tion. 

Below the north-east face of Tyrau Mawr, and among the earlier 
layers, one of the coarser tuffs contains bomb-like masses six inches 
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or more across. In their cracked and scoriaceous interior calcite has 
developed freely, so much so as to suggest at first the presence of 
ejected limestone blocks. After boiling this crystalline alteration- 
product in hydrochloric acid, the residue yields little of interest, 
quartz and a few brown flakes of mica being the only identifiable 
minerals. 

Prof. Ramsay * has commented on the difficulty of distinguishing 
between the compacter intrusive sheets, themselves often scoriaceous, 
and the soft grey-green ash-beds. On the broken slopes between 
Llyn-y-Gafr and Llyn-y-Gader the cleavage of the district has affected 
some of the igneous layers, while every crack and hollow is filled 
with secondary calcite. Hence the rocks afford, when considered in 
the laboratory, excellent hand-specimens of ‘ Schalstein;” but to 
designate them by such a name is to admit that we are baffled in 
the field. 

Some of the undoubted ash-beds, even when soft and calcareous, 
are divided by jointing into spike-like columns ; while the compacter 
and more metamorphosed ashes at the base of the cliff of Mynydd 


Fig. 2.— Beds beneath the Eurite on Mynydd Moel. 


1. Black Slates, with cleavage practically coincident with bedding. 
2. Altered flinty slates, with well-marked bedding. 

3. Greenish softer layer. 

4. Bedded Ash, altered and jointed into columns, 

do. The Massive Eurite. 


Moel imitate closely the columnar eurite of the wall (fig. 2). The fine 
layers of the bedding, however, frequently weather out, and give a 
clue to the origin of the rock ; while microscopic examination removes 
many of the difficulties presented by the porcellaneous varieties +. 


* Memoirs of the Geol. Surv. of Gt. Britain, vol. iii. 2nd edition, p. 31. 

t Mr. J. Clifton Ward discussed the microscopic characters of somewhat 
similar ashes in his paper on the “Structure of Ancient and Modern Volcanic 
Rocks,” Quart. Journ. Geol. Soc. vol. xxxi. (1875) p. 403. 
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In places, as on the ridge of Mynydd-y-Gader, where the alteration 
due to the dolerites is displayed with admirable clearness, the ejected 
blocks standing out from their hornstone matrix sufficiently indicate 
the original character of the rock. 

Again and again the black slates assert themselves, the muddy 
sediments of more quiet waters, to be covered in their turn by the 
products of explosive action. The “pisolitic ironstone” of the 
Llyn-Aran area occurs as a hard black band among the higher of 
these normal sediments. A handsome specimen of the rock, kindly 
sent us by Mr. Jones of Gwernan Villa, shows numerous clayey 
concretions an inch or so in length, and contains a large quantity of 
disseminated pyrrhotite. This magnetic pyrites itself forms in 
places concentrically-built ovoid concretions. 

A microscopic section, cut from a specimen obtained by us nearer 
the Cross Foxes Inn, reveals the characteristic “‘ pisolitic” structure 
in a very pleasing manner. But for traditional usage, the rock might 
be preferably termed “ oolitic ;” for the grains, distinctly seen on the 
surface, are barely a millimetre in diameter. With transmitted light 
they appear green, with a well-developed concentric structure. Here 
and there a shell-fragment or other foreign body is seen, round 
which the grain has formed. The bulk of the iron is now represented 
by little cubes of magnetite, which have separated out most exten- 
sively in the interstitial matter, but which also mark certain of the 
concentric coats of the grains. Minute nests of a fibrous green 
mineral also occur throughout the matrix. 

The majority of the grains are ellipsoidal rather than spherical, 
and in such cases, on rotating the section between crossed nicols, 
the arms of the characteristic dark cross are seen to approach or to 
recede from one another. From this we conclude that the crystalline 
particles, whether original or pseudomorphic, have been added so 
that one direction of extinction lies tangentially, the other therefore, 
in the vast majority of cases, not pointing directly towards the 
- centre of the ellipsoid*. In this respect the grains resemble those 
of the pisolite of Carlsbad and of oolitic limestones now in course of 
formation +; but we hesitate to express an opinion as to the chemical 
constitution of the green mineral of which they are now composed. 
The use of the quartz-wedge shows that the tangential direction is 
that of minimum elasticity; and the feeble pleochroism gives a 
bluish-green tint when this direction is parallel to the shorter 
diagonal of the nicol, and a pale yellow-green when rotated through 
90°. If, moreover, a polished surface of the rock is etched with 
strong hydrochloric acid, the greatest solution occurs where the 
magnetite is developed, and the least where the green substance 
predominates. After boiling small fragments of the rock in hydro- 


* Of course the particles that have been added along the axes of the elliptical 
section have one direction of elasticity pointing towards the centre; and it 
follows that when the axes of the section are placed parallel to the diagonals 
of the nicols the dark cross becomes normal and rectangular. 

t See Sorby, Quart. Journ. Geol. Soe. vol. xxxy. (1879), Proc. p. 74. 
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chloric acid, a residue of dusky grey or colourless matter remains. 
In this some pumiceous particles may be made out; but the oolitic 
grains themselves leave a siliceous residue, which no longer affects 
polarized light, although the concentric structure is retained. It 
will be seen how the discussion of the Liassic ironstone of Cleveland 
by Mr. Sorby * and of the Northamptonshire ores by Prof. Judd tT 
applies also to this older and more metamorphosed deposit. 

In connexion with Prof. Judd’s observations on the presence of 
phosphoric acid in the greener varieties of the Northampton ore f, 
we may remark that the ironstone of Cader Idris gives a distinct 
reaction when treated with a nitric-acid solution of ammonic molyb- 
date. 

Thus we are led to regard the oolitic structure in this ironstone 
as original. The carbonate of iron which, in all probability, replaced 
the calcite or aragonite of the grains has now itself been broken 
up, leaving the cubes of magnetite as a residue. The rock still 
effervesces slightly when boiled in hydrochloric acid; but the ease 
with which its powder is attracted by the magnet shows that the 
bulk of the iron is now in the oxidized condition. The alteration 
having taken place as a deep-seated process and not in contact 
with the air, neither hematite nor limonite has been developed. A 
specimen of the pisolitic ironstone of Pen-y-morfa near Tremadoc, 
for which we are indebted to Mr. G. J. Williams, F.G.S., is still more 
strikingly magnetic. 

If the iron-ore of Cader Idris was at one time a fairly calcareous 
band among the more prevalent muds and shales, it owes its preser- 
vation to the pseudomorphic action that has gone on. The very 
marked proportion of carbonate of lime that occurs in the cavities 
of the permeable rocks from Llyn Gwernen to the summit of the 
mountain may have been in part derived from similar seams or shelly 
patches, the absence of which we have so frequently to deplore when 
examining Ordovician or Cambrian strata. It is unnecessary to 
dwell upon the increased effect of solvent action when occurring 
in a region subjected to pressure and earth-movement. 

On the east flank of Tyrau Mawr, and above the mass of the 
main eurite, volcanic beds with slaty fragments recur at a height 
of eighteen hundred feet (fig. 3). At this point the junction of the 
tuff with the overlying normal slate is marked by a thin white band 
consisting of granules of quartz and decomposed felspar; it would 
seem that this sand is a washed residue from the uppermost layers 
of the tuff, such as would be formed by the action of waves or 
currents prior to the next sedimentation. 

Close to the foot of the Roman road, where it descends in bold 
zigzags from Craig Glas, the talus is strewn with blocks of coarse 
felspathic tuff, which include wisps of shale more conspicuous than 
those of Penrhyn-gwyn. The dimensions of the surface here figured 

* Quart. Journ. Geol. Soc. vol. xxxv. (1879), Proe. p. 84. 


Tt Mem. Geol. Survey, “Geology of Rutland,” pp. 117-1388. 
t Loc. cit. p. 127. 


428 MESSRS. G. A. J. COLE AND A. V. JENNINGS 


(fig. 4) will convey some idea of the characters of this deposit. The 
compact grey matrix of the tuff, with its abundant felspars, makes 
it resemble to the eye an intrusive felstone with inclusions. 

The larger fragments of lava thrown into these tuffs serve, far 
better than the easily altered and more permeable matrix, to record 
the nature of the rocks that were formed at the centre of eruption. 


Fig. 3.—Tuff with Felspar-crystals and fragments of Slate and 
Vesicular Glass. ast flank of Tyrau Mawr. (x 8.) 


Fig. 4.—Joint-surface of block of Tuff, showing included Slate- 
fragments. North slope of Tyrau Mawr. (Size 7 feet by 
4 feet 6 inches.) 


The absence of lava-flows in this locality leads one to depend upon 
less satisfactory evidence ; but there is here no reason to suppose 
that the abundant scoriaceous or compacter masses in the tuffs were 
torn from some more ancient and deep-seated deposits, 
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Microscopic examination shows that the tuffs with felspar crystals 
and slaty fragments preserve, throughout some 2500 feet of sedi- 
ments and intercalated sheets, characters closely similar to those of 
the bed at Penrhyn-gwyn. In specimens collected at the higher 
levels, the proportion of palagonitic scoriz is diminished; and on 
the west flank of Tyrau Mawr grains of quartz containing liquid- 
inclusions appear among the ejected materials. Here also, shortly 
above the massive eurite, is a bed containing white and very ir- 
regular fragments, some of them an inch or two across. The forms 
of these, under the microscope, strongly suggest those of shattered 
scoriaceous glass; and the resistance they have offered to decom- 
position, and the extreme sharpness of their outlines, would ally 
them to the trachytes or even to the rhyolites. They exhibit 
traces of brown spherulitic and “ microfelsitic” structures, which 
are now mere dendritic patches through the development around 
them and in them of the transparent products of secondary devitri- 
fication. A few porphyritic felspars occur in the larger fragments 
of the glass, and minute chalcedonic spherules, giving a black cross 
and vivid colours between crossed nicols, are in places developed 
very freely. We find here, then, a deposit that links the normal 
slaty tuffs with the undoubtedly acid products of the latest phases of 
eruption. 

Some 1100 feet lower in the series, omitting the thickness of the 
intrusive eurite, the metamorphosed porcellaneous tuffs on Mynydd- 
y-Gader contain blocks that weather white on the outside, and 
exhibit within the compact blue-grey appearance of the altered 
rhyolites of Wales. While many of these were undoubtedly scorie, 
others prove to be, as Prof. Ramsay stated, concretions developed in 
the tuff, or at any rate, as the micreseope would indicate, ejected 
lumps from previously consolidated tuffs. One of these ‘ concre- 
tions,” five inches in length, has a specific gravity of 2°62. Wisps 
of colourless devitrified glass and larger fragments of pumice form 
the ground-mass of this specimen, while the adjacent tuff contains 
more slaty matter and palagonite. 

A true ejected scoria from the south-west corner of Mynydd-y- 
Gader contains corroded grains of quartz, exhibits traces of fluidal 
structure, and would rank, could it be restored to its original con- 
dition, with the quartz-andesites or the rhyolites. The nature of 
the porphyritic felspars has been masked, in this case, by kaolini- 
zation. 

Another and greyer lump from close below Llyn-y-Gafr is, allowing 
for devitrification, a good porphyritic trachyte, all the more typical 
for containing some plagioclastic as well as orthoclastic felspar. 
The cracks in the compact matrix of this rock have a rude perlitic 
tendency. 

In one at least of the ash-beds on Mynydd-y-Gader numerous 
quartz-grains occur, often rounded and containing intruded material ; 
these have been derived, it would appear, from some fairly acid and 
vitreous lava. Felspar crystals are comparatively rare in this deposit, 
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which was probably mainly composed of comminuted glassy particles, 
and yielded easily to metamorphic agents during the intrusion of 
the dolerite below. 

As might be expected, this fine-grained ash has not undergone 
actual fusion, although it has been converted into a hornstone or 
porcellanite, in which the original nature of the constituents is no 
longer determinable even under the higher powers of the microscope. 
The imbedded quartz-grains have since become enlarged, the added 
silica being, as usual, in optical continuity with that of the original 
grain, and in some cases spreading outward in short processes into 
the microgranular material around. The specific gravity of a com- 
pact specimen of this altered rock is 2°64. 

These examples will suffice to show that the great series of tuffs 
and ashes contains beds of fairly acid characters, particularly as the 
higher members are approached, though some reversions occasionally 
occur towards the andesitic type of Penrhyn-gwyn. We confess, 
however, that we were unprepared to find among the still later beds 
of the Tal-y-llyn valley such perfect examples of devitrified glassy 
lavas as occur upon the cliffs of Craig-y-Llam. The igneous rocks 
are here mapped as “ interbedded felspathic trap,” but include much 
flinty felsitic ash, the fine stratification of which resembles, in hand- 
specimens, the fluidal structure of a rhyolite. Some of the imbedded 
fragments show under the microscope a perlitic structure of the most 


Fig. 5.—Compressed Tuff, containing fragments of Vesicular and 
Perlitic Lavas, and showing round many of these a zene of crushed 
and drawn-out material. Craig-y-Llam. (xX 8.) 


complete and delicate kind, the cracks being occupied by a green 
pleochroic alteration-product (fig.5). Others exhibit remains of sphe- 
rulites in a similarly perlitic matrix. A specimen of the lavas of this 
horizon contains altered spherulites measuring half an inch across, the 
fluidal structure passing through them; they are partly decomposed 
and hollowed, with infillings of granular quartz. The surrounding 
perlitic matrix has been much deformed by pressure, and lines of 


ON THE NORTHERN SLOPES OF CADER IDRIS. 431 


liquid-inclusions have developed in the sccondary quartz, passing 
from grain to grain as in the spherulitic rock of Digoed*. The 
lavas of Craig-y-Llam thus parallel, even in minor details, the well- 
known ‘‘felsites ” of the Snowdon area, which are indisputably of 
Bala age. 

Similar rocks form a great part of the opposing slopes rising above 
Minffordd to Llyn-y-Cau. 


Ill. The Dolerites and allied Intrusive Sheets. 


While much of the massive “ greenstone ”’ apparent on the pub- 
lished maps can be resolved into tuffs and sedimentary layers, there 
remain the more basic intrusive sheets, which have been already 
referred to and which are too numerous to be separately set down 
on the scale of one inch to the mile. 

The frequent alternation of the ash-beds with normal marine 
deposits shows that the centres of eruption were at some distance 
from the present mountain ; and the absence of lava-flows and coarse 
agglomerates points distinctly to the same conclusion. Hence true 
voleanic necks are unlikely to occur in the district dealt with in 
this paper, and an examination of the more suggestive and exten- 
sive areas marked as ‘*‘ greenstone” on the map reveals again and 
again the composite character of these masses. ‘Thus the coarse 
dolerite of the quarry between Rhyd-wen and Bron-y-Gader, one 
mile south-west of Dolgelley, proves to be of small extent at the 
surface, and to be itself associated with bedded ash and porphyrites 
of finer grain. 

The mass forming the high ridge of Mynydd-y-Gader is, however, 
more continuous, and is one of the most striking features of the 
mountain. ‘The picturesque hollows of its summit, crossed by roaring 
streamlets, and its northern escarpment, steep and glaciated, exposed 
for some four hundred feet, afford one ample opportunities for obser- 
vation, but force one to regard even this mass as a highly developed 
intrusive sheet. There is no indication here of the great central 
intrusions, the irregular ramifications, the plexus of dykes and veins, 
that characterize the cores of old volcanoes when at length exposed 
by denudation. 

The broad “ greenstone” band, three miles long, which appears 
upon all recent copies of the map at the base of the cliff of Cader 
Idris, has been already shown to consist of a considerable variety 
of rocks, ranging from slate to dolerite, the whole series having 
the east-and-west strike so persistent on these northern slopes. 
Prof. Ramsay himself, in the Survey memoir, calls attention to its 
complex character. The “ tesselated ” appearance of the sheets, 
where jointed into columns 7, is frequently seen upon surfaces dipping 
at 35, 40, or even 50 degrees. 


* Quart. Journ, Geol, Soe. vol. xlii. pl. ix. fig. 5. 
¥ Mem. Geol. Survey of Great Britain, vol. iii. 2nd edit. p. 51. 
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It is obvious from the first examination in the field that these 
intrusive sheets, which one may comprehensively class as diabases *, 
have undergone considerable alteration. Calcite is very freely 
developed ; while quartz-veins are conspicuous in the large quarry 
near Bron-y-Gader, where they were formed prior to the infil- 
tration or formation of the carbonate of lime. In this quarry 
Mr. Aikin observed epidote, which he describes as “fibres and 
curved crystals of pale wine-yellow thallite.” While small epidotes 
are certainly abundant, the larger acicular crystals collected by 
ourselves prove to be actinolite and tremolite; and we have noticed 
also greenish asbestos in the clefts on the northern face of Mynydd- 
y-Gader. 

Under the microscope the original characters of these diabases 
can be determined with some accuracy, despite the wide develop- 
ment of secondary products. Thus the coarser varieties, like the 
rock of Bwlch-yr-hendref on the west and that of Bron-y-Gader 
on the east, were clearly dolerites approaching gabbro, with 
a well-developed ophitic structure. The mass at Bron-y-Gader 
contains stout porphyritic felspars and pale secondary horn- 
blende. The rock rising like a weathered dyke on the south 
chore of the larger Crogenen Lake is particularly rich in plagio- 
clastic felspar, both as porphyritic crystals and as a well-marked 
meshwork in the ground-mass; granular altered pyroxene occurs 
also interstitially, in the midst of what probably was once residual 
glass. 

The handsome rock of the north front of Mynydd-y-Gader is, 
again, an ophitic dolerite of medium grain. The pale brown angite 
seems to have suffered little, and the included felspars are also fairly 
fresh. While the structure of some of these rocks points towards 
a basic composition, we have failed to detect pseudomorphs after 
olivine, and believe that the iron originally separated out was even 
smaller in amount than it appears at present. 

The characteristic decomposition-product of these basic rocks is 
an epidote (colourless in thin sections) which occurs in every slide 
associated with chloritic areas. Its abundance, coupled with that 
of the all-pervading calcite, implies an immense withdrawal of lime 
from the original constituents. In fact, alumina and lime, rather 
than magnesia and iron, must have been the prevailing bases during 
these eruptions ; and the same evidence is afforded by the very tough 
and compact “ greenstones ” either north or south of the old Towyn 
Road, which are merely fine-grained variations of the types already 
cited. 

On the whole these diabases contain surprisingly little secondary 
quartz; but in one instance, that of a pale grey rock close under 
the cliff of Tyrau Mawr, this mineral occurs in the most striking 
manner, so that the mass at first suggests a porphyritic elvan. The 
microscope relegates this rock also to the andesites; but the general 


* We use this term in the wide sense. and as an international equivalent of 
the loosely-applicd English “ greenstone.” 
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structure and the imperfect development of the felspars indicate 
that it was more glassy than the other compact sheets of Cader 
Idris. The coarsely granular quartz, with inclusions of vermicular 
chlorite, fills cavities that may have been originally gas-vesicles. 
It is noteworthy that this development of quartz occurs, just as in 
the slates of the district, close to the contact with the massive and 


intrusive eurite. 
These “ greenstones ” or “ diabases ” form, then, a series related 


rather to the angite-diorites and augite-andesites than to the normal 
_gabbros and olivine-bearing basalts. They range from dolerites 

without olivine and aphanites to andesitic rocks with an originally | 
glassy matrix. 

On Rhobell-fawr, on the other hand, the imposing mass to the 
north of our area, we find examples of far more basic rocks, con- 
taining pophyritic altered olivine. We believe, moreover, that the 
beautiful ‘‘ hornblende-diabase ” of this mountain has no repre- 


sentative on Cader Idris. 

In concluding this portion of our subject, we are not unmindful 
of the observations made by the late Mr. John Arthur Phillips on 
the alteration of uralite in a diabase from the Dolgelley area *. 


IV. The Massive Eurite t. 


Undoubtedly the most striking feature of Cader Idris is the 
precipitous escarpment of grey columnar rock that forms so large a 
portion of the mountain-wall. The main mass, running east and 
west, is faulted down at Tyrau Mawr, the bold cliff of which is 


* Quart. Journ. Geol. Soc. vol. xxxiii. (1877), p. 427. 

t We have adopted this name, after some deliberation, for a rock that might 
be classed in this country as a compact quartz-felsite. The term ‘‘felsite ” is 
now so generally employed on the continent for that portion of a rock in which 
“felsitic”” structure may be recognized, that its retention as a generic name 
has seemed to most geologists unadvisable. Klaproth’s “ felsit”’ appears to 
have been based on chemical characters, and Gerhard (Abhandl. der Berlin. 
Akad. der Wissensch. 1814 & 1815, p. 18), to whom the name is usually as- 
eribed, while considering felsite as forming the ground-mass of various rocks, 
includes under it Werner's ‘‘ Thonstein” and the Labradorite-rock of Labrador. 
He adduces, moreover, as allies, the pitchstone of Meissen and other substances, 
on the ground that they all consist of “ Kiesel, Thonerde, Kalk, und Natrum.” 
After this, it is idle to seek authority, other than Anglo-Saxon usage, for re- 
stricting “ felsite” to any defined class of rocks. 

Compare with this laxity of expression the definition of “ eurite” by d’Au- 
buisson de Voisins (Traité de Géognosie, 1819, t. ii. p. 117) :—** Dans le porphyre 
ordinaire, celui qui correspond au granite proprement dit, cette pate aura le 
feldspath pour principe principal : nous lui donnons le nom d’eurite et nous 
la définissons en disant: L’ewrite est un granite compacte,.... dapparence 
homogéene, dans laquelle le feldspath est le principe dominant, et dont les divers 
principes sont comme fondus les uns dans les autres. §'il était possible de la 
redissoudre, et de faire cristalliser tranquillement la solution, de maniére a ce 
que les principes intégrants pussent se former en cristaux distiucts, elle pro- 
duirait un granite.” 

It is clear from what immediately follows in d’Aubuisson’s treatise that the 
predominance of felspar is not strictly insisted on. On page 118 we read, “ Si, 
dans le granite qui a produit Veurite, ou qui est censé l’avoir produit, en 
devenant compacte, le feldspath était en trés grande quantité, l’eurite se 
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composed of black slates and stratified ash. But along the face of 
Cyfrwy, around the gloomy pool of Llyn-y-Gader, and on the higher 
front of Mynydd Moel, this rock stretches with marked uniformity, 
dipping southward or south-westward with the strata, and strewing 
the taluses with angular fragments and columnar blocks that en- 
croach upon the grass below. The weather has little effect on this 
detritus, beyond a slight browning of the surfaces, and the steeply 
piled grey accumulations are well contrasted with the soft terraces 
of the underlying tuffs. 

The thickness of this principal mass is about 1500 feet ; another 
sheet comes in below it on the level of the slates of Penrhyn-gwyn ; 
and an additional mass, perhaps a faulted repetition of the second, 
is recognizable in the rounded hill-outlines and white exposures that 
extend from Llynau Crogenen to Gelli-lwyd-fawr. West of Tyrau 
Mawr, though at a lower level, the main mass forms the steep slopes 
near the road, and curves south, rising at the same time, till it 
resumes its place on the cliff above Llyn Cyri. The whole of the 
flat upland around this lake reveals the presence of the eurite, 
and between the white and angular fragments a bog has formed 
rather than a soil. 

Everywhere its fractured surfaces present the same compact blue- 
grey appearance, faintly tinged with brown, the splintery fragments 
broken from it cutting like flakes of glass. The uniformity of its 
characters over separate exposures three and four miles in length 
would alone be strong evidence for regarding it as intrusive. The 
Survey map shows how it cuts on a large scale across the ashes and 
more basic sheets ; and near the Roman road on Tyrau Mawr a short 
offshoot appears to us to run down into the ash and slates below. We 
are not at present prepared to discuss the continuity of the eurite from 
Craig-y-Llyn (Gallt-y-Llyn) across the southern slopes of the moun- 
tain to Llyn-y-Cau, since the rock on Llyn-y-Cau has more of the 
characters of a lava-flow, and part of the area mapped as “ felspathic 
trap, intrusive ” is occupied by highly silicated ashes and spherulitice 
rhyolites like those described on Craig-y-Llam. Curiously enough, 
further to the north-east, in a hollow under Gau Graig, the rock 
appears to have recovered its intrusive character, and abuts against 
altered slates in which quartz-veins are abundantly developed. It 
is at this point that a reddish rock with chloritic bands arises, 
simulating a gneiss when lying broken on the roads. Probably on 


rapprochera beaucoup du feldspath compacte . . . mais si le quartz est abondant 
dans le granite, la roche... se rapprochera du quartz compacte (ornstein) ou 
kératite.” 

The “ haelleflinta” of Sweden is appropriately introduced for comparison, 
and the connexion of the darker amphibolic eurites with aphanite is also 
pointed out. The specific gravity of eurite is stated to be 2°6 to 2-7 
(Gerhard gives that of felsite as 2°980 to 3-020). The name is derived from 
the fusibility of the rock (? etpoos). 

Apart frem the Neptunian views of d Aubuisson, the lucidity and exactitude 
of these statements have impressed us in no slight degree. Unable to accept 
“ quartz-porphyry,” a term covering many ancient lavas as well as crystalline 
elvans, or “ microgranulite,” as used by several prominent French authors, it 
is with satisfaction that we fall back on “eurite” as a name for rocks inter- 
mediate between granite and the fresh or altered types of acid lavas. 
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this side of the mountain the eurite is near some line of emergence 
on the old sea-floor, a consideration that connects it in our minds 
with the Llandeilo lavas of Craig-y-Llam. 

But on the northern slopes of Cader Idris the masses are, as 
already stated, very uniform in texture. On Mynydd Moel por- 
phyritic felspars are more easily visible than at other places, but 
even here do not readily catch the eye*. ‘The specific gravity of a 
blue-grey fresh-looking specimen from this point is 2°64. In 
section, the same specimen shows clear felspars, mainly plagioclastic, 
with wisp-like yellow and altered biotites and numerous grains of 
quartz; round these the matrix is exquisitely micropegmatitic. 
Small chloritic patches are frequent. 

The typical rock at Llyn-y-Gader, where we have easy access to 
the centre of this huge intrusive sheet, shows the delicate micropeg- 
matite collected into spherulitic forms around the quartz- and felspar- 
erystals. The little bunches and wisps of biotite occur indepen- 
dently of these aggregations. Though simply twinned felspars are 
here more common than at Mynydd Moel, the rock is still allied to 
the granitites or the soda-granites rather than to the normal 
granites. The interstices left between the well-developed spherulites 
are now mainly occupied by chlorite and a few highly refracting 
granules. It is unusual to find im a rock of this description so 
complete a separation between the micropegmatitic spherulites and 
the residual matrix round them. 

A specimen collected from the mass to the south-west of Gelli- 
lwyd-fawr and north of the old Towyn road is of slightly coarser 
erain. The micropegmatite is far more distinct, and spherulitic 
grouping does not occur. Here and there the quartz has developed 
ophitically round felspars that lie at random with regard to one 
another. The rock is, however, essentially the same as the main 
eurite of the wall, and has a corresponding specific gravity of 2°63. 

Through the kind permission of Prof. Judd we are able to give 
an analysis of the eurite of Cader Idris, which has been made by 
Mr. T. H. Holland, A.N.S.S., in the Geological Laboratory of the 
Normal School of Science and Royal School of Mines. The speci- 
men used was taken from the columns on the south shore of Llyn-y- 


Gader. 
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* On the copies of the map that we have examined this promontory is 
coloured as interbedded trap, probably by an oversight, since it is clearly 
connected with the mass around Llyn-y-Gader. 

212 
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It is interesting to possess this analysis of a rock with which 
almost every British geologist is familiar, and it confirms the re- 
lationship of this eurite to the granites rich in soda. 

We believe that the mass must have been fairly, if minutely, 
crystalline at the time of its original consolidation ; butit is obvious 
that any discussion of the “ granophyric” structure of Rosenbusch 
must affect our views of this rock of Cader Idris, in company with 
a host of other British examples, closely agreeing with it in texture 
and in chemical composition. 


V. The Age and Duration of the Eruptions. 


Such being the relations and general characters of the rocks 
forming the northern slopes of Cader Idris, we have now to consider 
their position in the stratigraphical series. 

It appears to be generally admitted that no indications of erup- 
tive action occur in this district throughout the Lingula Flags; and 
voleanic activity is believed to have commenced in early Arenig 
times*. This view has been supported by the fact that on the 
more recently issued maps of Cader Idris the igneous rocks occurring 
upon the lower horizons of the mountain are coloured as entirely 
intrusive. The section, however, published by the Geological Survey 
in 1852, and copies of the map prior to 1881, correctly represent 
them as consisting largely of ashes, and in the section they are 
included in the old extensive Lingula Flags. 

The presence of the Lower Tremadoc beds upon the flanks of 
Mynydd-y-Gader is well shown by Belt +, who records the discovery 
of Niobe Homfrayi and Asaphus innotatus, accompanied by fossils 
recalling the earlier Cambrian fauna. Beneath these beds he 
recognized the “ Dolgelly Group” of the Lingula Flagst. Mr. 
Homiray, of Portmadoc, who went over the ground with Belt, 
informs us that the junction of the Tremadoc and the Arenig is 
obscured by the intrusive masses ; but he states that the Tremadoc 
beds lie upon the top of Mynydd-y-Gader, the ironstone, with 
characteristic Trilobites above it, occurring near the base of the 
Arenig and being included in that group. This correlation has been 
accepted by the author of the Survey memoir and by subsequent 
writers, who regard the ironstone as the representative of the 
similar bed at Pen-y-morfa, and who indicate in their sections a 
considerable thickness of Tremadoc strata between it and the crest of 
Mynydd-y-Gader, or on corresponding horizons of the mountain §. 
It is clear, then, that the series described by us as slaty tuffs and 
metamorphosed ashes coincides in large part with the beds accepted 


* Dr. Hicks, in 1875, in discussing the conditions under which the Cambrian 
and Silurian rocks were deposited, places the commencement of eruption at the 
close of the Arenig period. Quart. Journ. Geol. Soe. vol. xxxi. p. 558. 

t+ Geol. Mag. 1868, p. 8. 

t Ibid. 1867, p. 542. 

§ Mem. Geol. Survey of Gt. Britain. vol. iii. 2nd ed. pp. 35, 38, 39, &e. 

Hicks, Congrés Géol. Internat. Londres, 1888, Explication des Excursions, 
fig. 16. 
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as Tremadoc. Some of the characteristic ashes of Mynydd-y-Gader, 
occurring on its north-west flanks seven hundred feet below the 
summit, may even fall within the “ Dolgelly Group” of Belt. 

If, indeed, we are to include all the eruptive deposits in the 
Arenig, the black slates of the Penrhyn-gwyn quarry, lying as they 
do beneath the first slate-tuff, must represent the uppermost Tre- 
madoc; but these occur 600 feet nearer the sea-level than the summit- 
beds of Mynydd-y-Gader, and we have to face the fact that, taking 
the average dip as only 20°, a thickness of some 2200 feet of ash 
and slate and intercalated sheets intervenes between Penrhyn-gwyn 
and the horizon of the Arenig ironstone near Llyn-y-Gader. Even 
if this thickness is deceptive, even if it is the result of a series of 
repetitions by localized strike-faults, the evidence of the fossils on 
Mynydd-y-Gader is in no way vitiated. 

It is of course difficult to compare the thickness of normal sedi- 
ments with those formed contemporaneously near an active volcano ; 
but we feel that, until those best qualified to judge extend the local 
base of the Arenig to the northern front of Mynydd-y-Gader, we 
must regard a large portion of the eruptive series as of Upper or 
even Lower Tremadoe age. 

Thus the great eruptions commonly referred to the ee and 
Llanvirn periods, or the Llandeilo of older writers, would seem to 
have actively broken out in pre-Ordovician times. The products of 
the voleanic vents in the neighbourhood of Cader Idris became more 
and more highly silicated during the Arenig period, and thus afford 
an early indication of the conditions that afterwards prevailed 
throughout North Wales, when the exceptionally glassy lavas of 
Bala age must have rivalled, over miles of country, the obsidians of 
the Yellowstone Park. While the intrusive sheets, with the 
exception of the eurite, are of more basic character than the ashes 
which are penetrated and altered by them, they none the less appear 
to belong to much the same period of activity. Like the well-known 
instances in the Jurassic strata of the east of Skye, they have fol- 
lowed the planes of bedding with remarkable uniformity. It would 
seem, indeed, that these sheets are lateral offshoots from some 
fairly distant centre, and that they were injected between beds 
already weighted with superincumbent sediment. The contrast 
between the structure thus produced and that formed by dykes on 
the flanks of a volcano is very marked upon the northern slopes of 
Cader Idris. 

But these intrusive sheets are not found in the undoubted 
Llandeilo strata towards Machynlleth, and the facts of their distri- 
bution connect them distinctly with the activity that culminated in 
Arenig times. Itis quite possible that they represent a reversion 
towards basic conditions at a time when the mass of material already 
erupted prevented further action at the surface, and spread out these 
dolerites and aphanites along easier planes of passage underground. 

So far as we have at present examined the evidence afforded by 
Rhobell-fawr, the rocks of that most interesting cone, ranging from 
hornblende-dolerite to basic scoriz, do not seem to point to its 
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connexion with either the tuffs or the intrusive sheets of Cader. 
The mapping of this rugged area as one continuous mass of intrusive 
“ greenstone” has doubtless led many besides ourselves to mentally 
exaggerate its importance before becoming acquainted with it in 
the field. Its composite character is, however, referred to in the 
careful Survey memoir. 

It may be that the volcanic action in the Cader Idris district was 
almost entirely explosive, and that the actual vent has been lost 
amid the distribution of its products by the sea. That local uncon- 
formities on an appreciable scale must have been produced, is shown 
by the ejected sedimentary flakes in which the tuffs abound. 

The age of the eurite itself can only be inferred from the cha- 
racter of the lava-flows of middle Ordovician times. Just as the 
intrusive masses at Mynydd Mawr and other points round Snowdon 
may represent the centres from which the Bala rhyolites flowed, so 
this enormous sill may have been connected with the acid eruptions 
of which we have evidence among the Llandeilo slates of Craig-y- 
Liam. It may even be possible to trace on the southern slopes of 
Cader, or at some point further to the north-east, the continuity of 
part of the eurite with these products of surface-eruption. 

It is interesting to note, in conclusion, that the intrusive granite 
between Ffestiniog and the Moelwyn range, with its abundant 
quartz and its poorness in ferro-magnesian silicates, is just such a 
rock as might have resulted had more complete crystallization, 
under slower conditions of cooling, taken place in the eurite of Cader 
idris*; | 

In preparing the notes here brought together, we have several 
times received generous assistance from Mr. G. J. Williams, F.G.S., 
whose intimate knowledge of Ordovician strata in North Wales is 
always at the service of his friends. We are also indebted to Prof. 
J. W. Judd, Mr. D. Homfray, and Dr. Hicks, for kind help given 
and the removal of some of the difficulties that we have met with. 
We feel that the stratigraphical questions raised in the concluding 
section of this paper can only be settled by detailed mapping and 
correlation of the several fossiliferous horizons. We have sought 
to show, however, that contemporaneous volcanic rocks form a large 
part of Cader Idris at a level far below that assigned to the base 
of the Arenig. 


Discussion. 


The PresmpEnt was struck by the fact that the crystalline voleanic 
beds appeared to be intrusive, the tuffs only being contemporaneous. 
Some years ago Mr. David Forbes had argued that a submarine 
lava-flow was impossible. He believed that this view had not 
been universally accepted, but he thought it might account for the 
great thickness of many submarine tuffs. 

Dr. Hicks said, with regard to the volcanic series, that it was not 
quite certain what Tremadoc beds were found in the region; the 


* This granite has been described by Mr. Teall in his ‘ British Petrography,’ 
p. 319. 
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Tremadoc fossils which had been discovered were rather Upper than 
Lower Tremadoc. He had published a paper in which he maintained 
that the so-called Upper Tremadoc rocks of Caernarvonshire should be 
classed as Arenig. In these there was a considerable amount of 
volcanic material. It was yet doubtful how frequently volcanic 
outbursts had occurred in the region; the Harlech Beds of the 
Harlech anticlinal and the Menevian beds contained materials 
indicative of contemporaneous volcanic action, and similar conditions 
to those of North Wales occurred in the St. David’s region. Thesame 
was the case in the succeeding series. In the rocks of the Arenig 
mountains there was a climax to the volcanic action. 

Prof. Buaxs hinted at the occurrence of lavas in the Cader Idris 
district, from evidence derived from an examination of loose blocks. 

Mr. Rurtey commented on the difficulty of distinguishing between 
lavas and ashes after induration. He referred to Daubeny’s obser- 
vations on submarine volcanoes; that author considered such lavas 
could never be glassy and never vesicular. Nevertheless, such had 
actually been found so formed. 

Mr. Cots replied to Dr. Hicks that there were undoubted tuffs at 
tne lower levels of the mountain. Their age must be left to future 
investigation into the stratigraphical geology of the area; but the 
statements made in the paper were founded on prevailing opinion. It 
was possible that the Tremadoc Beds might be faulted out. The 
old Survey sections were fairly accurate. The scoriaceous rocks were 
sometmes intrusive, though many of the tuffs were also scoriaceous. 
Nowhere on Cader Idris were there such coarse tuffs as in the 
Snowdowian district. 


440 MR. S. S. BUCKMAN ON THE 


29. On the Cotreswotp, Miprorp, and Yxovit Sanps, and the Division 
between Lias and Oouitr. By 8. S. Buckman, Esq., F.G.S. 
(Read February 20, 1889.) 


Ir has been observed that attention to lithology is likely to insure 
success in the matter of correlation. J am bound to confess, how- 
ever, that my experience of Jurassic rocks tells me that in many cases 
this observation is quite incorrect. Within the limits of one basin 
it may happen that the same horizon can often be identified by the 
similarity in lithology ; but even within such limits it certainly will 
not be safe to place much reliance on such a guide; while in cor- 
relating the strata of one basin with those of another, such an idea 
will probably lead to very decided errors. The strata now to be 
discussed have suffered singularly in the matter of correlation from 
this similarity of lithology. 

In the counties of Dorset, Somerset, and Gloucester there occur 
in most places, between clay of Upper Liassic age and limestone 
of the Inferior-Oolite period, certain yellow micaceous sands, which 
contain, at intervals, in some places regular bands, in others lines 
of more or less lenticular masses, of a hard, greyish, sometimes Olue- 
hearted, sandstone. Among other local names, these sandy strata 
have been known in the county of Gloucester as Cotteswold Sands, 
in North Somerset as Midford Sands, in the county of Dowet and 
in South Somerset as Yeovil Sands. On account, however, of the 
similar position which they occupy with regard to Liasclay and 
Inferior-Oolite limestone, and also, no doubt, on accoun: of their 
exactly similar lithological appearance, the name “ Midforl Sands ”* 
(a name first applied by William Smith to the sands a Midford) 
has been used to designate these sands in the thre¢ counties ; 
under this name they have been mapped by the Geologtal Survey. 

Around the sands which lie between Liassic clay and Oolitic 
limestone a constant discussion has been waged for tie last thirty 
years or more, as to whether they should be classed wih the Liassic 
or Oolitic periods. According to the opinion of thos: whom I may 
call the first generation of geologists, whose pionee’ was William 
Smith, the sands were ‘“‘Sands of the Inferior Oolie.” The cele- 
brated Dr. Oppel, who visited this country about 185), comprehended 
the positions of these sands with his usual acute/perception; and 
had our English geologists given to his work th¢ attention which 
it deserves, it ought to have been impossible for the discussion to 
have been maintained. In 1856 Dr. Oppel, in tle ‘ Juraformation,’ 
p. 296, places the Cotteswold Sands of Froceste’ Hill in “ the zone 
of Posidonomya Bronni,” that is, with the UpperLias; while on the 


* In the following paper the term ‘“‘ Midford Sandy’ written thus, means 
that it is used in the same sense as by the Officers o the Geological Survey ; 
while Midford Sands refers only to the yellow micacous sands round Bath, 
Midford, &c, 
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other hand, at p. 253, he states that at Ilminster the sands of the 
Inferior Oolite (that is the Yeovil Sands) begin above a bed filled 
with Amm. jurensis, discoides, radians, &c. Here we have the 
keynote of the whole affair, published more than thirty years ago. 
Dr. Oppel saw that the Cotteswold Sands and the Yeovil Sands 
are on two entirely different horizons; and actually placing the 
one series in the Lias and the other in the Inferior Oolite, he 
located between them the zone of Amm. jurensis. Yet, in spite of 
what Oppel had written, the position of the ‘“‘Sands” remained a 
bone of contention for very many years, and but little notice was 
taken of his statements. 

It was also in the year 1856 that Dr. Wright proposed* to assign 
to the Upper Lias those Yellow Sands of Gloucestershire, Somerset, 
and Dorset which had, from the time of William Smith, been 
classed as “Sands of the Inferior Oolite.” With them he also 
united the marly-limestone cap which overlies them in the former 
county, and which is now known as the Cephalopoda-bed ot Glou- 
cestershire. Finding that the Sands of Dorset reposed beneath a 
similar lithological cap, he considered this also to be on the same 
horizon ; and thus it came to pass that he included in the Upper 
Lias the Murchisone-zone, the Concavum-beds, and even part of the 
Parkinsoni-zone of the Bradford-Abbas and Halfway-house strata. 
It is instructive to notice the species of Ammonites which he quotes, 
from the so-called Upper-Lias Cephalopoda-bed of Bradford Abbas, 
in support of this view, p. 310 :— 

1. Ammonites jurensis, Ziezen. 
of concavus, Sowerby. 
dorsetensis, Wright. 
variabilis, d’ Orbigny. 
ke striatulus, Sowerby, 
3 insignis, Schiibler. 
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Because we know, at the present day, that of these six species the 
identification of five must have been incorrect, while the one whose 
identification is correct—A. concavus—happens not to be an Upper- 
Lias Ammonite at all. The correct names of the others are the fol- 
lowing :— 

1. Lytoceras confusum, S. Buckm. 

3. Parkinsonia Parkinsoni (Sowerby). 

4, Sonninia, sp. 

5. Dumortieria grammoceroides, Haug. 

6. Hammatoceras amaltheiforme (Vacek), or a near ally. 


In 1860 Dr. Wright + removed the Bradford-Abbas beds from 
this position to place them, also incorrectly,in the Humphriestanum- 
zone, and then noticed the existence of another bed on the 
horizon, as he supposed, of the Gloucestershire Cephalopoda-bed. 
This bed, together with the sands, he classes as ‘‘ Upper Lias Sand- 
zone of A.jurensis.” This opinion remained practically unchanged. 


* “The Palzontological and Stratigraphical Relations of the so-called Sands 
of the Inferior Oolite,” Quart. Journ. Geol. Soc. vol. xii. p. 292 (1856). 
t “Inferior Oolite,” Quart. Journ. Geol. Soc. vol. xvi. 
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The only difference was that the upper part of the Frocester-Hill 
Cephalopoda-bed was placed in the zone of A. opalinus; while the 
Sands were sometimes spoken of as part of the zone of A. bifrons, at 
other times as the zone of A. jurensis*: all were included in the 
Upper Lias. 

The chief opposition to the above views came from my father f, 
who first of all considered the Cotteswold Sands as equivalent to the 
Freestones of the Cheltenham district, but at a later date placed the 
Yeovil Sands in this position, the Cotteswold Sands being allowed 
to go to the Upper Lias because their position was altogether below 
that of the Yeovil Sands. This view of the different positions of 
the Cotteswold and Yeovil Sands is noticeable, for it coincides 
closely with Oppel’s; and it is clearly set forth in a diagram of the 
Midford Sands compared with Haresfield {. 

To the sands which throughout the greater part of Hngland lie 
between Liassic clay and Oolitic limestone, Prof. Phillips $ ex- 
tended Smith’s name and applied the term “ Midford Sands ;” 

valthough he placed them in the Liassic period, he considered them 
as Transition Strata. H.B. Woodward, in the first edition of his 
standard work |/, restricted the term ‘‘ Midford Sands” to the 
counties of Dorset, Somerset, and Gloucester, and attached them to 
the “Oolitic.” Lately (1887), in the second edition (p. 285), he 
places them in the ‘“ Inferior Oolite Series,” considers them tran- 
sitional, and defines them as follows :— 


“* Zones. 
Midford { Ammonites (Harpoceras) opalinus. 
Sand. 55 (Lytoceras) Jurensis.” 


Such is the position of affairs at present, and thus the name 
‘‘Midford Sands” is in common use for the Yellow Sands of 
Gloucestershire with the overlying Cephalopoda-bed, for the Yellow 
Sands of North Somerset, and for the Yellow Sands and shelly 
Sandstones of South Somerset and Dorset 4. Now the questions 
arise, Do these series of Sands begin on the same horizon, and, 
including the Cephalopoda-bed, do they end on the same horizon ? 
How much of this horizon is found at Midford? Do the limits of 
the Opalinum- and Jurense-zones correspond with the limits of the 
Sands; or do they not go above and below them in some cases, and 
not reach the bottom in others? Are the sands all on one horizon, 
as stated by Wright; or are they on two different horizons, as Oppel 
and my father thought ? 

We must appeal to the Ammonite-fauna; and having by means of 
that fauna selected a definite horizon as a fixed point, it will be 


* “Tjias Ammonites,” Paleont. Soc. p. 187 et. seg. (1879). 

t “The Oolites,” Quart. Journ. Geol. Soc. vol. xiv. p. 106 ; also “The Cepha- 
lopoda-bed,” Quart. Journ. Geol. Soc. vol. xxxiil. p. 3. 

“On the so-called ‘Midford-Sands,’” Quart. Journ. Geol. Soc. vol. xxxy. 

p. 738 (1879). 

§ Geology of Oxford and Valley of Thames, p. 118 (1871). 

|| The Geology of England and Wales, p. 166 (1876). 

4| H. B. Woodward, op, cit. 2nd ed. p. 287. 
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possible to compare the strata of the different localities therewith, 
to see if they fall contemporaneously, or above or below the fixed 
horizon. 

The series selected is that of the Striatulum-beds, which are trace- 
able in the Cotteswold, Midford, and Dorset-Somerset* districts. In 
the following sections the top of the Striatulwm-beds is the point 
from which one section should be compared with another. 

Frocester Hill is almost the northernmost point at which the 
Striatulum-beds appear; at Haresfield Beacon they are practically 
absent, and at Leckhampton only the very top of the Cephalopoda- 
bed is seen resting on sands. The following section, taken at 
Buckholt Wood, which is a short distance north of the well-known 
Frocester-Hill section, gives the Cephalopoda-bed (the Limestone 
capping of the Cotteswold Sands) in fairly full development. 


1. Section at Buckholt Wood. 


ft, 10. 
Cephalopoda-|Moorei-beds. | 1. Brownish limestone with darker brown grains. 
bed. Dumortieria Moorei(Lycett) ; Dum. subundulata 
(Branco); Dum. sparsicosta, Haug ; Grammo- 
ceras mactra (Dumortier) ; Rhynch. cyno- 


Dumortieria- | 2. Yellowish; but more often dark grey, almost 
beds. black mudstone with dark brown grains. 
Ammonites scarce and badly preserved. Dum. 
rhodanica, Haug; Rh. cynocephala; Teredr. 
JOURES OT ADS Sc oR SUS de dpc enero cone aS oe BRC oC REO OSE my (Y) 
3. Reddish-yellow, somewhat sticky, gritty marl ; 
in places numerous Belemnites  .............0-00- 6 
Dispansum- | 4. Dark grey, ironshot, soft stone breaking up into 
beds. shales. Gramm. dispansum, Hamm. insigne, 
Astarte, sp...... Hesse Saraiistsideresslasisi-ta slaare'sé vo gcwme menace: 1 O 


ON 


Striatulum- . Light yellow, soft stone. Duwmortieria rho- 
beds. danica? Gramm. derntense (Denckmann), 
Granm. striatulum (Sowerby)........--+-s-sseseee 9 
7. Brownish marl, numerous dark brown grains. 
GRE MMOCETAS AS), INVOVULC) eas aoe ceeeasece eeceee ee 7 
8. Yellowish stone with brown grains. Gramm. 
striatulum abundant, Haugia Hsert...........0... 6 
This bed lies above and fills the interstices of the 
very uneven-topped 
Cotteswold | Variabilis- 9. Hard, blue-hearted sandstone ........ccecsseeeeee Meo) 
Sands. beds. 10. Yellow micaceous sands ......... Suobsodeasaseacee 


This section does not exhibit the Cotteswold Sands, and in order 
to obtain an exposure of them we must go to Coaley Wood; but it 
displays certain features connected with the Cephalopoda-bed in a 
better manner than Coaley. The following Section has already 
appeared in my monograph on Inferior Oolite Ammonites (Pal. Soc. 
1887, p. 45); but it is here reproduced with some additions and 
alterations. 


* The district south of the Mendips is thus designated. 
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Ragstone. Parkinsoni- 
zone. 
Freestone. |Murchisone- 
zone. 
Sandy fer- |Opalinum- 
ruginous beds ? 
Limestone. 
Opalinum- 
beds. 


Cephalopoda- |Moorei-beds. 
bed. 


Dispansum- 
beds. 


Striatulum- 
beds. 


Cotteswold 
Sands. 


Variabilis- 
beds. 


Commune- 
zone. 


Upper Lias. 
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II. Section at Coaley Wood. 
(13 mile from Section I.) 


1. Ragstone with Terebratula globata. 
2. Deep Freestone quarry. 


3. Pale-yellow stone, with light-coloured oolitic 
grains; GABOUE orcs iii ebwo.cgs~sncncc<o+ sete 
4, Very hard, pale-coloured compact rock, with 
very small brown grains; gives a metallic ring 
when struck. Lioc. opalinum fairly abundant ; 
hardly ‘any other fossils .2:3 2; .2....2000 docs 
5. Hardish, somewhat irregular, yellowish rock 
(with more brown grains, but not so compact as 
4). Loc. opalinum ; Lytoc. Wrighti, 8. Buck- 
man ; small Chemnitzia; Belemnites, &e. ...... 
6*. Rubbly, oolitic, irregular stone, like 5; hardly 
separated from it, but softer, and mixed with 
marl, Lytoc. torulosum; quantity of Belem- 
nites and Astarte; also Opis, Cypricardia, and 
many Lamellibranchiata, Lytoceras Wrighti ... 
7. Hard, compact, pale yellow stone, with darker 
grains. Gramm. fallaciosum, Gramm. dispan- 
sum, Gramm. derntense, Pseudolioceras com- 
pactile, Oxynoticeras? discoides, Hammatoceras 
UNSUNG 5 act onase taeeeeee os toss sats oe == Sain 
8. Brown rubbly marl, with numerous dark-brown 
grains; looks like crushed linseed. Gramm, 
striatulum, Gramm. sp., Haugia Esert ......... 
9. Very hard, bluish-grey, sandy, nodular-shaped 
lumps imbedded in the marly paste of the bed 
DOVE” scosnek denis con see uapiieats son cilia sas soe sya 
10. Tard, blue-centred stone <..-... 2.2... .cateet eee 
11. Fine, yellow, micaceous sands, about ............ 
12. Brownish, concretionary rock, very slightly 
micaceous, containing dark oolitic grains and 
pieces of broken shells; hasa similar appearance 
to Bed 7, but is harder. Some Ammonites ; 
but they are 'scarte.” 2.:.<--.--.2+--.-.<sentese eee 
13. Two bands of hard, yellowish-blue, somewhat 
sandy stone. Large Lime; Haugia sp., &c. 
14. Yellow sands, becoming blue in the lower part. 
15. Dark yellowish-brown, concretionary marl with 
ATTIIMOMILES - cere. steno ec vewes's.n0-Seceeskateae ene 
16. Band of yellowish-blue, hard, sandy stone, 
Ammonites fairly abundant, especially on the 
top. Haugia variabilis, Lytoceras sublineatum, 
DaCtyWOCerGs CTASSUM —o..00.00cecernenesosene sree 
16 a. Fine yellow sands, about: ...............---seaeun 
17. Band of yellowish-blue, hard sandstone. Hi/- 
doceras bifrons, abundant ; Pseudolioceras com- 
IPOLCUING 2 Ra sa beietaae sb pW ans sidan b+ 46 <0 seg 
18. Yellow sands, visible for some feet, and con- 
jectured to extend down to the spring of 
water 


19. Blue Clay ? 


Ce ewer esos ereset sr eeseer settee Feseeseseseseseserees 


ah. 
a) G 
1 4 
6 

8 

6 

rf 
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6 
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2 
10 0 
53) 

9 

2a" 0 
1 @ 
40 0O 


* This was, by oversight, in my Monograph, Pal. Soe. vol. xli. p. 45, relegated 


to the Striatulwm-subzone. 


The lettering shows this is an error. 


should have been so designated, and marked C’. 


No. 7 
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The next section shows how the Dumortieria-beds have expanded ; 
it also gives a very clear account of the Sands, especially with the 
addition of the roadside cutting at Stinchcombe. These sections, 
III. and III. a, appeared in my Monograph (pp. 46, 47). 


IIT. Section at Nibley Knoll. 
(34 miles from Section IT.) 


tile. alla) 
Ragstone. Parkinsont- | 1. Trigonia-grit and rubble ...................sseeeees be) 
zoue. 
Freestone. Murchisone- | 2. Pale-coloured freestone with white oolitic 
zone ? grains. Occasional dark brown bands ......... 2010 
3. Freestone imperfectly shown, about ............... LO? 6 
Sandy fer- = | Opalinum- 4, Pale, somewhat sandy rock, very slightly oolitic ; 
ruginous beds ? imperfectly shown. Pholadomya fidicula, 
Limestone. Trigonia striata, Astarte. About...............++. 8) 0 
Opalinum- 5. Band of pale, slightly oolitie rock, with irony 
beds. PTAANIS i055 Ries eeeaceeaaee Seecantc ao ubaneaqameaelee Wo 2 
Cephalopoda- aor beds. | 6. Light-yellow, rubbly marl with irony grains. 
beds. Inoc. opalinum, Gramm. Steinmanni, Hamma- 
COCETOS SPs Udoceteer menses nace sete oes eee oa saeccecctldaat 9 
7. Band of rock. Rhynch. cynocephala ............ 8 
Dumortieria- | 8. Yellowish-grey, clayey marl ...................0c00 a) 
beds. 9. Yellow marl, oolitic, somewhat concretionary... 1 2 
10. Yellow and _ yellowish-grey marly shales, 
many dark oolitic grains. Dumortieria rho- 
CONIC x ctcmtcasete imme daca «5 a5 cine use sre seeeee SO 
11. More concretionary marl. Catulloceras Dumor- 
ELON Stele Sea ee Ee Soraiciab dainty Bl sco eels hee aeleor 2 6 
Dispansum- | 12. Much the sameas 10. Gramm. dispansum... 1 2 
beds. 
Striatulum- 13. Hardish, yellow, oolitic rock. Gramm. stria- 
beds. CULM; LOM ASUOMIO. 2 evar eee aeee sen eeee ates dye 0 
14. Dark-brown, oolitic paste ; looks like crushed 
himsee dive Guanes ess set dees SNS cweotigsbesact a 
15. Hard, irregular rock in two layers. Gramin. 
striatulum, abundant;  Lytoceras jurense, 
LOU GED TESOTO reer atu noe Racial A ssw ear oacin ste Seis I 3 
Cotteswold | Variabilis- 16. Fine, yellow sands, harder at the top; perhaps 
Sands. beds. divided by concretionary layers, but none such 
Wisibles salbOuUtgss thos. Jdeog.ateoenee sneces seule nace 60 0 
17. Yellowish-brown, concretionary, sandy layer ; 
MOMOSSMIS Ne Cis MORAN Patol. oieseaLadocaienee teas 9 
18. Hard, bluish-yellow, slightly sandy rock. 
Belemnites, Turbo, Amberleya, Lima, &e. .....- ra 
LO eHinevyellowisan dsr wread vase sedeees. bldace ch hoaceia 10 
20. Yellow, sandy stone; only one small species 
of Haugia, poorly preserved. ..............+0000-00- 6 
Dill ACM OWASATIOS ERIE § 5004: en csnaunamebscoeae eee 5 0 
22. Band of yellow, sandy stone ....!......-.---.00+- 4 
Dera Nee Wop Samu Sep Means. sobs nee boned Mestinci ani 340 
24. Band of yellow, sandy stone ................0606. 7 
Dine Vie VlOwesamGl waren an ceric cece ease wae a. retook fine 
26. Band of yellow, sandy stone ..........-.....2c00 4 
Dime Vicllowasanaesuenae pies 1. fon ccotattoss scene 3 6 
28. Band of blue-centred sandy stone. Haugia 
variabilis, H. Ogerieni, Pseudol. compactile, 
Dactyl. crasswum, Belemnites, Sc. .........1.eseeee 6 
DOP ell Ovmrseia se Wee ee A cnet oe cae nance neice aie ae 6 0 


30. Band of blue-centred sandy stone. Lytoc. 
sublineatum, Pseudol. compactile, Haugia Oger- 
tent, Dactyl. crassum, Nautilus Jourdani......... 6 
31. Blue and yellow sands (for continuation see 
MER SOCOM) <i DOUL yh! accaisivevecmoeesvctaaesuecces 30-35 0 
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IIT. a. Section in the road at Stinchcombe. 
(May be considered as a continuation of the preceding Section.) 


it. 
Cotteswold 81, Yellow Sands ws 22800)2.05.00.554.0.1.22 eee 
Sands. Commune- 32. Very dark-brown, argillaceous marl. Hiéldo- 
Upper Lias. zone. ceras bifrons,Pseudolioceras lythense, Belemnites, 
GEC; ob anise lee ced debb ca cas ends. 


33. Brownish, and sometimes bluish, shelly, some- 
what sandy stone, with plenty of small fer- 
ruginous specks; top part very uneven, and 
filled with the bed above. Hild. bifrons, 
Dactylioceras, Rhynchonella, Terebratula, &e.... 

34. Dark-blue clay, without fossils, containing 
large blue-hearted nodules of stone which break 
with a conchoidal fracture and are non-oolitic. 


The next section is remarkable for the fact that a great change of 
lithology takes place. Instead of being oolitic marl or limestone as 
in the previous sections, the Dispansum- and the Striatulum-beds 
are now yellow and grey sands with bands of sandstone.. The thick- 
ness of the sands also has much diminished; but the thickness of 
the Dispansum- and Striatulum-beds is much increased, simply 
owing to the prevalence of sandy conditions. 


IV. Section at Little Sodbury. 
(8 miles from Section III.) 


ft. 
Freestone. 1. Whitish limestone, with numerous white grains. 
Sandy fer- Opalinum- 2. Straw-coloured, shelly, sandy limestone, about 2 
ruginous beds ? 3. Reddish-brown, very hard, ironshot lmestone, 
limestone. ADOUE . avec che eids teases: ese enoeen eee 1 
Cephalopoda- | Moorei-beds. | 4. Greyish, much ironshot marl; in some places 
bed. softer, in others harder. Rhynch. cynocephala, 
Dumorticniag Mooret 2555 oi. 25 026252 aeee ee 4 
Dunortieria- | 5. Darker, soft mudstone, much ironstone. Dum- 
beds. mortierta rhodanica, Rhynch. cynocephala, Chem- 
WULEUD PROCETO i565. ccc: «es onsee ses See. eee eee 2 
6. Grey ironshot mamrli::...22: ¢..15..-5. eee 3 
Cotteswold |Dzspansum- | 7. Grey sandstone. Lytoc. Germaini, fragment... 
Sands. beds. 
8. Yellow and grey micaceous sands.................. 8 
Striatulwm- | 9. Hard, yellowish, somewhat ironshot stone. 
beds. GRAMM ASUTIGLUUTE sii sa sccne wes den soe 
LO Grey miarliiise8. ses Ok ns Saweb a5 2s selene ee 1 
11. Much ironshot marl and mudstone with 
“Gramm. sp.,imvolute” .......<2---0.:s eee 


12. Grey, shelly sandstone, some few brown oolitic 
specks. Gramm. striatulum, Haugia occiden- 


CQUES 3s sc Pee ee Maa eB oisacio a daves ncdonsss donee ean 1 
13. Yellow sands. Gramm. striatulum towards 

TO LO pacueeteetacssares date cc-ssneses.) se aceeeee 2 
14. Grey sandstone. Gramm. striatuiwim............ 
Lb. Greyishi saiadsi72:.2hs.c.00ee.-~. 00.5.5 2 
16. Grey sandstone. Gram. striatulum ......... 
17. Yellowish sand sieec. 20... 2.200... 0. coc nde eee 4 
18. Yellow sandy stone. Gramm. striatulwn, with 

Very. COdmse TIDSi..) sce scc canes aes seus ~ -e oe ee 1 


19. Yellow sands, a few inches only visible. 


in. 


in. 


_ 
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There are about 15-20 feet more before the Clay is reached, but 
being unexposed it cannot be said if any hard bands are contained 
therein, or what Ammonites. 

Pseudol. compactile was found in a block of fallen sandstone. 


Lyncombe. The following section was brought to my notice by the 
kindness of the Rev. H. H. Winwood, F.G.S., with whom I visited 
the spot. He also made some notes of this section when the line 
was first opened and I refer the reader to them *. 

The most remarkable feature in the Section is probably a point 
now noticed for the first time, namely, that one single block of 
stone, only 1 foot 7 inches thick, contains portions of three different 
zones, and exhibits three different bands of matrix firmly cemented 
together yf. 


Brown, coarse, oolitic stone, 
5 inches. 

Brown, oolitic stone, not so 
coarse in texture, 4 inches. 


\ Striatulum-beds ; Jurense-zone. 


\ Commune-zone. 


Peer osccet 2S SSSesserseeeseoeFO2F02000008 


Bluish-grey stone with a 
soapy feel, non-oolitic,| + Falceferum-zone. 
10 inches. 


The attenuation of the Commune-zone is very great, and not 
improbably careful research would show some admixture of its species 
with those of the Stratulwm-beds above. The other two zones ex- 
tend, one above—Jurense-zone, Dispansum-beds—the other below— 
Falciferwm-zone, Blue Clay. 

Another point to be noticed in this Section is that the Yellow 
Sands have ascended one stage higher. They do not, as at Sodbury, 
envelop the strata known as the Striatuluwm-beds, but they begin 
above them. Consequently the next series (that of the Dispansum- 


* «Notes on some Railway Sections near Bath,” Proceedings of the Bath 
Natural History and Antiquarian Field Club, vol. iii. no. 2, p. 129 (1875). 

+ I had, not long previously, discovered a similar, but perhaps more extra- 
ordinary, instance of the same feature. Ata small quarry on Lodge Hill, just 
south of Castle Cary, Somerset, the lower part of the Parkinsoni-zone is ce- 
mented firmly to Sandstone of the Yeovil Sands (Opatlinuwm-zone) ; and the mass 
comes from the quarry as one piece of stone exhibiting two bands of very 
different matrix, thus :— 


rownish oolitic limestone ; \ 
2 : >| \ Parkinsoni-zone. 
3 inches. 


eoaereessescescessseesseot oeresoeee2e000 


Bluish-grey, hard, gritty 


sandstone, 8 inches. } Cpalinum-zone. 


This is the more remarkable when we consider that the time of formation of 
the Murchisone- to the Humphriestanum-zones inclusive had elapsed between 
the deposition of the upper and lower of these two bands. 
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beds) is very much thicker than before. It is not known at present 
if any higher horizon is included in the upper part of the Sands; 
but it is possible. 


V. Section exposed in Greenway Lane and Lyncombe cutting, near 
Bath; Somerset and Dorset Railway. (14 miles from Sec- 


tion LV.) 
ft. 
Inferior Parkinsoni- | 1. Yellowish oolitic limestone. Tereb. glodata, 
Oolite. zone. Rhynch. spinosa, &e. 
Midford Uncertain. | 2. Yellow micaceous sands not well exposed, 
Sands. ADOUG ed seein eRe qeeesadaces date eee 65 
Dispansum- | 8. Yellow sands with about a dozen lines of 
beds. “ Sand-burrs.” From fallen ‘“ Sand-burrs” 
Gramm. fallaciosum was obtained .............-- 30 
Junction | Striatulum- | 4. Yellowish-brown stone, with very numerous 
beds. beds. lighter-coloured oolitic grains which fall out 


and leave the stone pitted. Gramm striatulum. 
This is firmly cemented without a break on to 
Upper Lias. | Commune- | 5. Yellowish stone with the oolitic grains less nu- 
zone. merous, and therefore appearing of acloser tex- 
ture. Hild. bifrons, Dactyl. Holandrei, Dactyl. 

crassum, Waldheimia Lycetti, Rhynchonella, sp. 

This is firmly cemented without a break on to 

Falciferwm- | 6. Close-grained, smooth-feeling, greyish-blue 
zone. stone, without any trace of grains as in the bed 
above. Harpoceras falctferwm......c.ccesceceeeeee 

T. Greyish-blue clay” .2./.......0..5.-1s.0e eee 

8. Close-grained, greyish, mottled stone ............ 

9, Greyish-blue clay Jscsicis.2:cn08- cock cee ee 


The above section is superior, for our purpose, to the one exhibited 
at Midford. Considering that it is only about a mile and a half 
from Midford it may be taken asa thoroughly representative Section 
of Midford Sands joining Lias Clay. 

The next Section, that of the classic locality of Ham Hill, in 
Somerset, is very interesting from a geological point of view, but 
wholly disappointing paleeontologically. The large mass of free- 
stone and sandstone (both composed of comminuted and crushed 
shells, among which Rhynch. cynocephala or (?) Beneckei * occurs), 
preceded and followed by yellow micaceous sands, is, without 
much doubt, on the same horizon as the similarly-composed 
band at Stoford, and probably only an altered condition of the 
upper part of the Yeovil Sands as seen at Babylon Hill. My 
father was the first to point this out; and the opinion has 
been confirmed by H. B. Woodward. Therefore the Geological 
Survey has erred in mapping Ham Hill as different from the “* Mid- 


* See Davidson, ‘‘Brach.,” Pal. Soc., Appendix to Supp. pl. xx. figs. 8, 9, 10 
1884). 
: ij eat and Oolite-Sands,” Extract Proc. Somerset Arch. Soe. 
vol. xx. p. 13 (1874). “ The Ceph. beds of Gloucester, Dorset, and Somerset,” 
Quart. Journ. Geol. Soc. vol. xxiii. p. 5 (1876). 
+ “Note on the Ham Hill Stone,” Proc. Bath Ant. Field Club, p. 184 (1887). 
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ford Sands.” ‘The true position of the Stone-beds is probably that 
horizon of the Opalinum-zone which I have designated Moore2-beds. 
In this connexion it is interesting to notice that a Dumortieria, 
probably referable to Dum. rhodanica, was met with in the Yellow 
Sands below, and also that the shell-bed at Stoford contains exactly 
the same Ammonites as the Moovet-beds of Buckholt Wood and other 
Cotteswold localities. 


VI. Section ut Ham Hill. (37 miles from Section V.) 


Marked as | Moorei-beds. | 1. Fine yellowaSan dy ity acecke onscsssceacssachwoaat 10 


Inferior 2. “ Waste” or * riddings.” Occasional layers of 


Oolite on stone nixed with layers of yellow sands. The 
the Ordnance stone is full of comminuted shells. It is 
Survey Map. generally buried in the quarry, unless wanted 


for rouely work. weeds ata ereas sina ctecenen cet epimonte 30 
3. Best freestone in immense blocks, a mass of 
| comminuted shells imbedded in a sandy ma- 
trix; it is sawn and worked for elaborate 

CESIONS 1 x 55.-k. SE BE sakaiiad jatenesenssppnek ce « 50 

2 Bottom Bedi) )Handisandstone) 2. s2se4s.c66-0 l 


aS 


Yeovil Sands.| Dumortierta-| 5. Yellow micaceous sands with irregular bands 


beds. of hardened sand-rock at irregular intervals 
of every few feet. Some isolated lenticular 

masses of sandstone occur. Thickness about... 

6. Sand-rock containing a fragment of Dumor- 

WAU TA OUITHOU GEE. acs ob G Seco ee coee SOO er ater 

| 7. Yellow, micaceous sands as in 5. Thickness ~ 
| P| GO] a ps Rede Ais Ae Ado SRM eh eerie 35 


Or 
Or 


These Yellow Sands were observed in the lane leading from Mon- 
tacute to the top of the Hill, They seem to begin just above Mon- 
tacute Church and to continue the whole distance. <A few yards 
then brings one to the freestone-quarry measured, which, it will be 
seen, extends 90 feet in depth. It would therefore seem as if the 
freestone had been let in by a fault, something like 85 feet. The 
“¢ Bottom Bed ” crops out in the lane near some fir trees; while on 
the opposite side of the road there is a quarry of rough stone 
evidently faulted down. 

I beg to express my thanks to the Director-General of the Ord- 
nance Survey, who very kindly gave me the height of Ham Hill. It 
is about 90 feet above Montacute church. 

The next section is important, because it exhibits the junction 
of the Yeovil Sands with Upper-Lias Clay. It is noticeable that 
now the yellow micaceous sands do not begin until we have 
finished with the Dispanswm-beds; whiie the Upper-Lias Clay is 
here exactly contemporaneous with the Cotteswold Sands, together 
with the two lower divisions of the Cotteswold Cephalopoda-bed. 


Os. GS: No. 179. 2x 


10 
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VIL. Section at White Lackington Park near Ilminster, 
Somerset. (64 miles from Section VI., West.) 


Yeovil Sands.! 1. Yellow micaceous sands, becoming browner ft. 
towards the potion .. oa... ..:<. <2. see 
Junction | Dispansum- | 2. Arenaceous marl-bed, somewhat decomposed, 
bed. beds. rown and light yellow ; occasional pockets of 


apparently a mixture of No. 1 with the decom- 

position of No. 2.) Lytoc. jurense, Lytoc. Ger- 

maini, Lytoc. rubescens, Pelecoceras serrodens, 

Hammatoceras insigne, Oxynot. discotdes ; 

fragment of Gramm. dispansum; fragment 

| like Gramm. striatwlwm. s..022.2:0:s0--000gaeeeeen 

Upper Lias. 3. Yellowish-grey, soft stone, somewhat sticky, 

soapy feel. Oxynot. discoides, Hamm. insigne 

| Probable | 4. Bluish-grey tenacious clay with occasional 
position of nodules. No fossils found. 

Striatulum- 


beds. 


| bluish-grey argillaceous marl. (This bed is 


The next Section shows the Lithology and Fauna of the Upper 
part of the Yeovil Sands in the Yeovil district. 


VII. Section at Stoford *, Somerset. 
(6 miles from Section VI., East.) 


About thirty feet below the Inferior Oolite Limestone, and separated 
therefrom by that amount of more or less unfossiliferous yellow sands, 
occurs a rich shell-bed, in appearance not unlike the Ham-Hill stone, 
but less sandy, and with the shells not so much comminuted. This 
bed is about two feet thick ; it is used for building-purposes. 

Several years ago my father 7 and myself obtained as the result 
of our different visits the following fessils :— 


Moorei-beds +. 


Dumortieria Moorei (Lyc.). 

Grammoceras mactra (Dum.). 

Dumortieria subundulata (Branco). 

Trigonia literata, Young and Bird. 

Pecten demissus, Phillips. 

Astarte elegans, Sowerby, var. 

Ceromya bajociana, d’Orbigny, and many other species. 


* See Mr. Hudleston’s ‘‘ Report on Excursion to Sherborne,” Proc. Geol. Assoc. 
vol. ix. No. 4, p. 4 (1885). 

Tt It was from this shell-bed that many of the species quoted in ‘ So-called 
Midford Sands” (Quart. Journ. Geol. Soc. 1879, p. 743) were obtained. 

t The sandy strata in the neighbourhood of Bradford Abbas more usually 
belong to the upper part of the massof Yeovil Sands. They show various beds 
of hardened sand-rock isolated from one another by yellow sands. These beds 
contain Dumortieria Moorei, Gramm. mactra, Dumortieria subundulata, Dumor- 
tieria pseudoradiosa, Dumort. radiosa var. gundershofensis, Dumort. Levesquei?, 
Rhynch. Beneckei. The absence of the sandy grits with Lioc. opalinum, which 
are found at Burton Bradstock, Stoke Knap, &c., brings the beds into immediate 
contact with the Inferior Oolite Limestone (Murchisone-zone), and the so-called 
“Dew Bed” is probably their uppermost member. 


Inferior 


Yeovil or 8. 
Bridport 
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Section IX. (of the interesting exposure at Burton Bradstock) 
exhibits the junction of Inferior-Oolite Limestone and the Yeovil 
Sands. With our knowledge of the Cotteswold Cephalopoda-bed we 
see that we have here a higher horizon than at Bradford Abbas, 
Stoford, &e.—and a erica absent from those places. Read in 
conjunction with the other sections of yellow sands south of the 
Mendips, we obtain the knowledge that the yellow micaceous sands 
of this area (the Yeovil Sands) are on exactly the same horizon 
as the two upper divisions of the Cotteswold Cephalopoda-bed (the 
Dumortieria- and Moorei-beds) and also as part of the ‘‘ Sandy 
ferruginous Limestone.” 


IX. Section at Burton Bradstock. 
(164 miles from Section VIII., South.) 


Made July 5th, 1888, in company with Mr. J. F. Walker, F.G.S., 
and Mr. J. EK. Clark, F.G.S. 


1. Yellowish  oolitic limestone ; 
RO MRUILSON LG OCU NSOM Umm pne: aaeee ee eee eee 
2. Whitish, shelly, oolitic limestone, glistening 
with erystal. Park. Parkinsoni, Waldheimia 
carinata, Astarte obliqua 
*3. Greyish ragstone with many iron grains, some- 
what broken up. <Astarte obliqua, Terebratula 
spheroidalis, Gasteropoda. Some iron nodules 
occasionally : well-marked break .................. 
*4, Hard, light brown stone. Peeci/. cyclotdes, 
Terevratula Spherovdauis: ...0250..2000o.etecee-een 
5. Greyish limestone, occasionally stained with 
iron. Rhynch. spinosa at the top, rare. No 
oiher determi malo) ehkossilseasecces-cetcacee ee oe 2 
Irony band, with numerous’ dark-brown 
coneretionary nodules, and with lumps of 
limestone with large iron grains .................. 
Steel-grey limestone with few iron grains. 
Trigonia striata, Loc. opalinum and the 
variety comptwn, LCE HOE scissa, Rhynch. 
Cl) NOCEPHGLON EN S45 beet Avked., Pisce aee®. en eee 1 
Sandy parting. Lzoc. ts ocslontrh in fragments, 
USL OGENOS SWRI GILLI? hd Gree Seka ee oi iae eek 
Irregularly-mixed masses of stone and sand. 
IYLOG. FOU POTD,, OCP so ses becker s0c0s00s8ee0 200590008 1 
10. Yellow micaceous sands much pierced by 


Parkinsoni- 
zone. 


few fossils. — ft. 
Oolite. 


Humphriesia- 
nwm-zone ? 


Humphriesia- 
nwm-ZOne. 


Murchisone-|\ 6. 
zone ? 


Opalinwm- | 7. 
zone. 


Sands. 9, 


PON MIS| heres tA eats heh odies Sees sah t eta Maat 2 
iL Pandy oreyasamd TOC pp. cha ena sepeee-e 
12. Yellow sands. Loc. opalinum.............0.000++- i 
Bs wenaleroele, AOC KG DUNMOW esse ndodseosorcos(ss0ee: 
MAREN ellos, Sams 883 56. AY ne ot aahe «Seeger elas y 
TD EISEN IOC US aad sat AACE nets qe ees apt ae ie 
16. Yellow sands occasionally containing Lioc. 
ONS OUIBIOAD cae ae SURED Reo re eT eee ERS 2 


SPMD TINGLE. O Cleese sls Ret ia ries aaa yells tans ea a 


Moorei- and 
Dumortieria- 
beds. 


18. The yellow sands, with lines of sand-rock, ex- 
posed in the cliff. Ammonites are occasionally 
found in the masses fallen from the upper part, 
namely, Gramm. mactra, Catulloceras Dumor- 
tiert, Gramm. aalense, &e. The total thickness 
of these sands is perhaps 


eee eortecessessacssessescses « 


* It must be from bed 3 or 4 that the following species have been obtained 
at Burton Bradstock :—Cosm. Garantianum, Oppelia subradiata, Oppelia Tru- 


ellii, var. 


2x2 


~I 
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At Down Cliffs, about three miles from this locality, we are able 
to find the continuation of this section, although the exposure is 
not: very good, and I was not able to work it thoroughly. 


IX. a. Section at Down Cliffs, near Seatown, Dorset. 


| ft. 


18 Yellow sands, a continuation of those seen in 
the last Section, passing gradually into a 
Upper Lias. 19. Blue, somewhat micaceous clay. No fossils 
were observed. Thickness about ............... 70-80 0O 


20. Pink-coloured rock with Hildoceras bifrons ; 
attached to a rock like marlstone. 


The first thing which must strike us on examining these sections 
is the totally different faunas which Nos. III. and VIII. exhibit— 
sections which show the junction of the so-called ‘‘ Midford Sands ” 
with Upper Lias Clay. Not one species do they possess in common. 
The Yeovil Sands (Section VII.) overlie a fossiliferous bed ; andif we 
seek in the section at Nibley for the same fauna which that bed con- 
tains, we find it, not below, but above, the Cotteswold Sands. Here 
we have, to start with, the great and fundamental difference between 
the position and paleontology of the Yeovil and the Cotteswold Sands. 
These two little sections (Nos. III. and VII.), both, as it happens, 
taken from exposures by the roadside, are, after all, the two most 
important sections in the series. They supply the keynotes to the 
situation ; the others give us general details. 

In the first column of the various sections I have placed the usual 
lithological signification under which the strata have passed. In 
the second cclumn I have appended certain names to the beds, for 
the purpose of distinction, taken from some characteristic Ammonite *. 

Going through the sections in order, we shall find that the 
sandy strata continue to begin later, and to end later, in regard to 
the paleontological evidence as expressed in the second column. 
Sections II. and III. show us the position of the Cotteswold Sands in 
the Haresfield- Wotton district, this pcsition being below the Striatu- 
lum-beds. In the Sodbury district (Section IV.) the sands did not end 
until the Dispansuwm-beds had been deposited. In the Bath district 
(Section V.) we do not know the time of the ending of the Midford 
Sands; but they differ totally from the Cotteswold Sands proper, in 
that they did not begin until the Strzatulum-heds had been deposited. 
Tn the Ilminster district (Section VII.) the Yeovil Sands did not begin 
until the Dispansum-beds had been laid down, while their ending, 
as we can find out from Burton Bradstock (Section IX.), from Broad 
Windsor, and Stoke Knap, occurs towards the top of the Opalinum- 
zone. 


* It is not intended to state that the Ammonite of which the name is used 
is confined to that horizon; but merely that it is most characteristic thereof, 
that, in fact, it isthe dominant species. The word “beds” is used in a different 
sense to “zone,” and is in no way necessarily equivalent thereto. For instance, 
the Opolinum-beds and the Moorei-beds are parts of the Opalinum-zone. 


in. 
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It may be advantageous to make a thorough comparison of the 
yellow sands as exhibited in the Cotteswolds, around Bath, and in the 
Dorset-Somerset area. 


Without taking account of the development north of Haresfield 
Beacon, which seems to be generally unimportant, we may divide this 
district into two portions :— 


I. Tur CorreswoLDs. 


A. The Haresfield-Wotton district—Here the sands average 
about 150 feet in thickness, of light yellow, micaceous, sandy strata, 
with occasional lines of hardened, bluish-grey sand-rock (sometimes 
in huge lenticular masses). At the very base is a dark-brown bed, 
chiefly filled with dwarf specimens of Hildoceras bifrons (Stinchcombe). 
Forty feet from the base occurs a bluish-grey. sandstone filled with 
numerous fine specimens of Hildoceras bifrons (compressed variety), 
and with Pseudol. compactile occasionally (Coaley Wood). About 25 
feet above this come sundry bands of sandstone &c., with Haugia 
variabilis, Dactylioceras crassum, Lytoceras sublineatum*. Above this 
come sandy rock-bands (Nibley) with a few Ammonites, among them 
Haugia, sp. The last 50 or 60 feet apparently contain no fossils. 

B. Lhe Sodbury district—TVhe sands here are only about 40 feet 
thick. The lower 15-20 feet are concealed, and their contents could 
not be ascertained. The upper part contained frequent bands of 


sandstone, with Gramm. striatulum, Pseudol. compactile, Haugia 
occidentalis, &c. 


Il. Tue Bare Disretcr. 
The Midford Sands.—These are about 100 feet thick. They are 


fine, yellow, micaceous sands with numerous lines of small rounded 
‘“« Burrs ”—a greyish calcareous sandstone. The sands rest on an 
oolitic limestone containing Gramm. striatulum. In the “ sand- 
burrs” of the sand just above this bed, Gramm. fallaciosum is found 
(Lyncombe Tunnel). Whether this or anything different is found 


in the upper part I cannot say, as my researches at Midford were 
negative in their results. 


* At North Nibley two beds, about 40 feet from the base of the sands, and 
perhaps on a little lower level than the one at Coaley, contain Haugia variabilis, 
Lytoceras sublineatum, Pseudolioceras compactile, Dactylioceras crassum, Nautilus 
Jourdani, &e. 

A bed of brown hardened marl! in the sands at Chalford and Nailsworth, 
probably on about the same horizon, contains Haugia variabilis, Dactyl. erassum, 
and Dactyl. mucronatum. 

In the Quart. Journ. Geol. Soe. vol. xvi. p. 5, Dr. Wright states that this bed (his 
bed ¢) contains A. jurensis, A.insignis, A. radians, and most of the Conchifera of the 
Cephalopoda-bed which he callsa. I particularly investigated this point, which 
was totally at variance with my experience on the escarpment, and I can 
positively say it is a mistake, so far as the Ammonites go. The bed in the sands 
and the Cephalopoda-bed contain only one species in common, viz. Amm. compac- 
tilis. 'Vhe Ammonites he quotes are not found in thisbed. The distinctness of 
the Ammonite-fauna at the two horizons is also conclusively shown by an inves- 
tigation of a collection made by Mr. A. E. Smith of Nailsworth, to whom my 
thanks are due for liberty to inspect the same and for other information. 
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III. Tue Dorser-Somerser District (south of the Mendips). 


The Yeovil Sands.—These may be said to average 150 feet in 
thickness, and are fine, yellow, micaceous sands with frequent bands 
of sand-rock. They rest on a bed of marl and clay containing 
Lytoceras jurense, Lytoc. Germaini?, Lytoc. rubescens?, Pelecoceras 
serrodens, Oxynoticeras discoides, Hammatoceras insigne, Grammoceras 
dispansum, fragment, Grammoceras striatulum, fragment, Gramm. sp. 
(White Lackington). In the yellow sands are found Dumortieria 
rhodanica, fragments (Ham -Hill). Higher up we meet with about 
50 feet of fine sandy freestone—a mass of comminuted shells—with 
Rhynch. cynocephala or Benecket. Layers of sand and coarser free- 
stone cover this for some thirty feet; and these, again, are capped 
by ten feet of fine yellow sands (Ham Hill). These freestone and 
higher beds are probably represented round Bradford Abbas, Stoford, 
&e. by bands of sandstone sometimes containing a mass of com- 
minuted shells (see Section VIII.). In these rock-bands Gramm. 
mactra, Dumortieria Moorei, Dum. subundulata, &e. have been 
obtained. The topmost bed of the sand-series in this district is a 
hard blue-centred stone, the ** Dew-bed” of Bradford Abbas. 

At Broad Windsor, Stoke Knap, and other places, at the upper 
parts of the sand-series, are sandy grits containing Lzoc. opalinum, 
Lerebratula infraoolithica, Rhynchonella cynocephala, Waldheimia 
Blake, &c. These sandy grits may possibly be partly on the same 
horizon and partly on a higher horizon than the Ham-Hill stone. 

At Down Cliff, near Seatown, the yellow sands repose on a 
bluish marl passing into micaceous clay. There seemed to be no 
fossil-bed at the junction, and the blue marl appeared barren. Not 
improbably the Stratulum-beds may be found in this blue clay, 
possibly near its base. If so, this would be a very important point. 
At Burton Bradstock about 150 feet of yellow sand is exposed in a 
fine cliff. From fallen blocks Gramm. mactra, Gramm. aalense, and 
Catulloceras Dumortiert were obtained. In the road-cutting on the 
top of the cliff the sand-rock bands of the upper ten feet of the sands 
are characterized by Lioceras opalinum ; so also is the lowest bed of 
limestone. 

From the analysis of the various sand-deposits it will be seen 
that none of the different districts contain the same Ammonite- 
fauna. In every district—I. A & B, II., [[I].—the Ammonites 
which characterize the sands are not only specifically, but often 
generically, distinct from those of the others. If we now go back 
to the first district, and examine the strata which there repose upon 
the sands—that is, if we examine the so-called Cephalopoda-bed—we 
shall be able to find out the exact explanation of what these various 
Ammonites indicate. 

The Cephalopoda-bed of Gloucestershire may be said to be fully 
developed only between the south side of the Stroud valley and 
Wotton-under-Edge inclusive. It consists of brown marls with 
dark-brown grains, separated at intervals by layers of hardened 
oolitic stone. The thickness of the series varies from about eight 
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to fifteen feet ; and it may be divided into four stages. ‘The lowest 
stage—the Striatulum-beds—contains Gramm. striatulun, Gramno. 
Bingmanni, Pseudolioceras compactile, Haugia Esert, Haugia Wllustris, 
&e. The stage above this — the Dispansum-beds — contains 
Gramm. dispansum abundantly in some, places, in others Gramm. 
fallactosum takes its place; here belong also Gramm. Scemanna 
(Dumortier), Gramm. derntense, Hammateoceras msigne, Oxynoticeras 
discordes. 

The third stage—the Dumortieria-beds—obtains its name from the 
presence of several species of the extraordinary genus Dumorterca, 
of which Dumortierta rhodanica is the most abundant. Here also 
come Dum. Levesquei, Dum. striatulo-costata, Haug, Catulloceras 
Dumortierr, Pelecoceras affine, Pelecoceras serrodens, Terebratula hares- 
fieldensis, Rhynch. cynocephala, &e. 

The fourth stage—the Moorei-beds—completes the series known 
as the Cephalopoda-bed. It is characterized by some peculiar species, 
namely, Dumortieria Moorei, Gramm. aalense, Gramm. Steinmannt, 
Gramm. fluitans, Gramm. subcomptum, and occasionally Lroceras 
opalmum. In addition Hamm. Alleont, Lytoceras Wrighti, Du- 
mortieria subundulata, Gramm. mactra, Terebratula haresfieldensis 
and Rhynchonella cynocephala are found. 

We have now reached the top of the so-called Cephalopoda-bed, 
and we pass into what was called by Mr. Witchell the ‘sandy 
ferruginous limestone” *. The lowest bed of this series is harder 
and darker than the others, and contains Lioc. opalinum in fine pro- 
portions, also Pseudolioc. Beyrichi, Ludwigia sp., &c. The rest of 
the series up te the white, oolitic “‘ Lower Limestone” may be described 
as generally light-yellow, sandy, sometimes hardly oolitic stone, 
containing Lioc. opalinum, Lioceras ambiquum?, Hammatoceras sp., 
and Parkinsonia scissa. The whole of the ‘sandy ferruginous 
limestones”? may be classed as another stage—the Opalinum-beds. 
They probably form the uppermost portion of the Opalinum-zone, 
and are evidently on exactly the same horizon as the bed of the 
Burton-Bradstock section. 

Now, if we look at this whole series of beds and the fauna which 
they contain, we shall be at once struck with the difference, not 
only of species but of genera, which each stage exhibits from the 
one below or above it; and I can confidently say that, during the 
whole course of my collecting from these strata, I have invariably 
found that this order is most exactly, and even extraordinarily, 
maintained. 

No one has yet, I believe, attempted to analyze and divide the 
Gloucestershire Cephalopoda-bed in this minute fashion. Two 
divisions at the most were made ; but for our present purpose many 
divisions are necessary ; and any one, when he becomes thoroughly 
acquainted with the different beds and their Ammonite-fauna, will 
be able to see that these divisions are fairly well characterized. It 
is, in fact, only by making such particular divisions that we are able 


* « Basement-beds of the Inferior Oolites of Gloucestershire,” Quart. Journ. 
Geol. Soe. vol. xlii. p. 264 et seg. 
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to trace the true correlation of the Midford and Yeovil Sands with 
the various strata in the Cotteswolds. 

lst. The Midford Sands are on the same horizon as the Dispansum- 
beds, and perhaps as some of the higher divisions. 

2nd. The Yeovil Sands are above the Dispanswm-beds, are on the 
horizon of the Dumortieria-, the Moorei-, and part of the Opalinum- 
beds. 

If I have been able to make my remarks clear, it follows that the 
sands were by no means contemporaneous in the various districts. 
The same horizon which in the Haresfield-Wotton district is noted 
for its sand is blue clay at Ilminster. What is sand at Burton 
Bradstock is an ironshot limestone in Gloucestershire. What are 
the consequences of this upon our nemenclature? The style of 
nomenclature in general use at present combines the Cotteswold 
Sands plus the Cephalopoda-bed, the Midford Sands, and the Yeovil 
Sands under one name ‘“ Midford Sands,” and, placing them as the 
next stage above the Upper Lias, includes them in the Inferior 
Oolite Series *. As I have shown, however, the Cotteswold Sands 
and even part of the Cephalopoda-bed, and the Midford Sands so far 
as we know them, are absolutely contemporaneous with the Upper 
Lias of Ilminster. The diagram (fig. 1, facing this page) will 
exhibit this at a glance. | 

I may note the following facts to support my statement that the 
Striatulum-beds are in the Upper-Lias Clay of Somerset—that the 
top of this clay is, in fact, on the same horizon as the Cotteswold 
Sands and part of the Cephalopoda-bed of Gloucestershire. 

Charles Moore, who always considered the Yeovil Sands to belong 
to the Inferior Oolite, has placed the following species in the Bath 
Museum as from the Upper Lias of Ilminster + :— 

Hammatoceras insigne (Schubler), Grammoceras striatulum (Sow.), 
Gramm. fallaciosum, Bayle, Gramm., sp. (called radians) f. 

Oppel, ‘Juraformation,’ p. 250, footnote, says “‘Mr. Moore aus Bath 
sandte mir den Amm. variabilis aus den Umgebungen von Ilminster, 
mit dem besondern Bemerken, dass die Exemplare aus dem héchsten 
Bette des obern Lias stammen. Dics ist aber nichts anderes als die 
zone des Amm. jurensis.” 

With these facts before us how is it possible to treat the ‘“* Midford 
Sands” as of later date than the “Upper Lias,” seeing that the 
greater part of two of their constituents are absolutely contempo- 
raneous therewith ? 

* H. B. Woodward, ‘ Geol. England and Wales,’ 2nd ed. p. 289 e¢ seg. 

+ It is instructive to notice how Dr. Wright has interpreted this fact con- 
cerning the Ilminster strata, and brought it into accordance with Gloucestershire. 
In Quart. Journ. Geol. Soc. vol. xii. 1856, ‘‘ Upper Lias Sands,” p.317, he states 
that in three horizons which he calls, beginning with the lowest, Upper Lias 
Clay, Upper Lias Sands, and Upper Lias Cephalopoda-bed, the following species 
ot Ammonites have been found—Amm. insignis, Amm. variabilis, Amm. radians, 
Amm. Raquinianus, Amm. concavus, Amm. striatulus. Practically speaking, the 
statement is true enough; but they are not three horizons. They are one and 
the same horizon showing a lithology varying with the locality ; this it is that 
has misled him, . 


~ Compare also Moore, Proc. Somerset Arch. Soe. vol. xiii. p. 151 (1865-66). 
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Fig. 1.—Comparison of the Cotteswold, Midford, and Yeovil Sands. (Scale 50 fect to 1 inch.) 
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Fig, 2.—Comparative Diagram of the Strata of the Cotteswolds and the Sherborne District. 
(Seale 50 feet to 1 inch.) 
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On the other hand the “ Midford Sands” have been defined as 
equal to the zones of Amm. opalinus and Amm. jurensis * ; but, 
in all probability, the lower part of the Cotteswold Sands—the part 
containing Amm. bifrons—belongs to the Commune-zone. ‘Then, too, 
it is just the opposite in Somerset, where it is the Upper-Lias Clay 
of Ilminster which contains the greater part of the Jurense-zone. 
Again, part of the Inferior-Oolite Limestone of Dorset and of the 
Cotteswolds is in the zone of Amm. opalinus. Therefore this latter 
definition does not coincide with the first. 

According to either view we arrive at an absurdity, namely, part 
of the Upper-Lias Clay must be in the Inferior Oolite series; or 
beds containing several of the same species of Ammonites must be 
in the Lias in one place, and in the Inferior Oolite in another. 

After all, the term “‘ Midford Sands” is only used locally. The 
Dogger Sands of Yorkshire, and part of the Northampton Sands, 
are contemporaneous with the upper part of the Yeovil Sands; but 
they are not included in the term ‘“‘ Midford Sands.” Is there the 
least advantage in retaining a term—a merely local term—which, as 
I have shown, includes deposits that are, by no means, contempor- 
aneous? Its only advantage is that it does away with two names ; 
but the result is absolute inaccuracy. The terms Cotteswold, Mid- 
ford, and Yeovil Sands may be retained as merely local names for 
certain deposits, in the same way as Pea-grit, Volite Marl, &c. ; 
they should have no wider signification than the district to which 
they apply, and should not be used where strict scientific accuracy 
is required, but should give place to their zonal equivalents. 

It would almost seem as if the sands between Liassic Clay and 
Oolitic Limestone were a somewhat singular deposit; but the fact 
of the matter is, that from a rather remote period until a much 
later one than we are treating of, sandy strata have been deposited— 
in no two districts contemporaneously, but generally first in one 
place and then in another. Why, then, is it desired to mark off the 
‘*Midford Sands” as a distinct series—not all across England, but 
only locally ? 

The Jamesoni- and Capricornwm- zones are characterized by mica- 
ceous and sandy shales at Robin Hood’s Bay in Yorkshire f. 

The Henleyi-zone in Gloucestershire is largely made up of sandy 
strata very similar to the Cotteswold Sands. 

The Margaritatus- and Spinatus-zones in Dorset contain sandy 
strata often undistinguishable from the Yeovil Sands. 

The zone of Amm. annuiatus in Yorkshire is represented by hard 
aud compact, grey and micaceous sandy shale £. 

What is probably the upper part of the Commumne-zone is com- 
posed of micaceous sands in Gloucestershire. 

The -/Juiense-zone is made up of sands at Bath, while, lastly, the 
Opalinum-zone at Burton Bradstock is chiefly sands. 

Passing to the continent, Oppel $ shows us that at Wasseralfingen 

* H. B. Woodward, op. cit. p. 285. 
~ H. B. Woodward, op. cit. p. 269. 
¢t H. B. Woodward, op. cit. p. 277. 
§ Oppel, ‘ Juraformation,’ p. 328. 
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the greater part of the Wurchisone-zone consists of “ Sandstein ;” 
while, apparently, the Clays and Shales,—considered in England so 
distinctive of the Lias—continued to a much later period; because 
the zone of T'rigonia navis is described as consisting of ‘* Dunkle 
gegen oben glimmerreiche Thone ” *. 

Returning to the North Cotteswolds, we find yellow sands at the 
top of the Murchisone-zone; while, in the Banbury district, North- 
ampton Sand continues without intermission from the Opalinum- 
zone until the lower part of the Great Oolite inclusive 7. 

The foregoing remarks will show that, putting different localities 
together, there exist, with but very few breaks—which breaks 
continental strata would perhaps bridge over—deposits of sands, 
sandy marls, or sandstone from the time of the Jamesoni-zone to 
the lower part of the Great Oolite inclusive. Thus the obvious 
inference is that the presence of sandy lithological conditions is no 
guide to the age of the deposits ; consequently we ought not to be 
surprised at finding the Cotteswold, Midford, and Yeovil Sands upon 
three different horizons; the surprise would be to find them on the 
same horizon. 

If we abolish the general name ‘ Midford Sands,’ and retain 
the names Cotteswold, Midford, and Yeovil Sands as local names 
for deposits on three different horizons, what are we to do as regards 
the dividing line between Lias and Oolite, which has always been 
such a bone of contention? If we follow the method of Quenstedt, 
Oppel, and others, and draw the line of division between Oolite and 
Lias at the top of the Jurense-zone, we must draw a very arbitrary 
line through the middle of the Cephalopoda-bed in Gloucestershire, 
and through the middle of the Yeovil Sands in the district south of 
the Mendips. If we follow H. B. Woodward, and place the whole 
of the sands—and their horizontal equivalents, I suppose—in the 
Inferior-Oolite series, we must dive down into what is known as 
Upper Lias Clay in Somerset, to draw a very arbitrary line, and a line, 
too, totally unacceptable to continental geologists. If we follow 
Dr. Wright, and draw the line of demarcation above the Opalinum- 
zone, we find that it results in parting a series of thoroughly oolitic 
limestones from the Inferior Oolite, and it thus becomes an arbi- 
trary line. 

All these remarks will only show (1) that between the Lias and 
the Oolite there practically exists no constant lithological break any- 
where in the region where it has usually been sought; (2) that the 
old idea, that the sands necessarily marked a transition period 
between the Lias and the Oolite, cannot be held. Such being the 
case, shall we adopt a perfectly arbitrary line of division irrespective 
of where it falls? Or is it possible to do without this ? 

Dr. Vacek + has proposed to extend the Lias up to the top of the 
Murchisone-zone; and, in the correspondence that we have had 
upon the subject, he would extend it to the top of our Concavum- 


* Oppel, ‘ Juraformation,’ p. 321. + Woodward, op. cit. p. 310. 
~ “ Die Fauna der Oolithe von Cap San Vigilio,” Abh. der k.-k. geologischen 
Reichsanstalt, Bd. xii. no. 3. 
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beds. To anyone acquainted with the Cotteswolds the idea of 
placing the greater part of the thoroughly oolitic strata there 
exhibited—the Pea-grit, Lower Freestone, Oolite Mar], Upper Free- 
stone, Lower Trigonia-grit, and Gryphite-grit—in the Lias must seem 
very extraordinary; but anyone who visits Dundry in North Somerset, 
Corton Downs in South Somerset, and Sherborne in Dorset, and sees 
the Concavum-beds of those places, with their truly Liassic appearance, 
and remembers at the same time that clayey conditions prevailed on 
the continent until a much later date than with us, will begin to 
understand the motives which sway continental geologists when they 
wish to place these strata in the Lias *. 

I was strongly opposed to Dr. Vacek’s views at first, especially 
because he had made many errors in describing our English 
strata; and had then drawn inferences therefrom which I knew 
could not be sustained. 

Now, instead of regarding them as Lias, I propose (being especially 
struck with certain paleontological features of the series) to describe 
all the strata from the Falciferum-zone to the top of the Concavum- 
beds by d’Orbigny’s term ‘“Toarcien”; but I would not place the 
strata so named as subsidiary to either Lias or Oolite. I cannot say 
that this idea isnew. Prof. Eugene Deslongschamps (op. cit. footnote, 
p. 100) says of the same series: ‘“‘ Les marnes infra-oolithiques 
représentent exactement l’étage Toarcien de M. d’Orbigny.” Now 
he had already proposed the following classification for a portion of 
the Jurassic strata (pages 70, 71) :— 

“ Syst&iME OoLITHIQUE INFERIEUR. 
1°, Les marnes infra-oolithiques ; 
2°, L’oolithe inférieure ; 

3°, Le fuller’s earth ; 

4°, La grande oolithe.” 

The first and lowest of these stages, namely, “ Les marnes infra- 
oolithiques,” are stated to be composed as follows (pp. 73, 74) :— 

le. Argiles a poissons. 
1°, Couches 4 Ammonites bifrons 
et serpentinus ; 
2°, Id. A Ammonites et Lima 
tourcensis. 
3°. Caleaires  supér- Cosas e ATUL 
leures & AmmMO-+ 5, Te aaa d 
nites Murchisone. |~* ~— * 70 re 
perovalis. 

From this we see that d’Orbigny’s *‘ Toarcien ” and Prof. Eugéne 
Deslongschamps’s ‘‘ Marnes infra-oolithiques” comprise what we now 
know as Upper Lias, together with what Mr. Hudleston calls the 
Lower division of the Inferior Oolite, namely, to the top of the zone 
of Lnoceras concavum *. 

* D’Orbigny placed these same beds in the Lias—Toarcien=Upper Lias. 
Eugene Deslongschamps was at first of the same opinion (Etudes jurass. inf. 
Normandie, p. 99, footnote, 1864). 

t This horizon was formerly called the ‘“ Sowerbyi-zone.” The reason for 
the present designation may be found in Mr. Hudleston’s Monogr. Gast. Inf. 
Oolite, p. 44, Pal. Soc. (March 1887), and in my Monogr. Inf, Ool. Amm., Pal. 
Soc. p. 63, March (1889). 
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As soon as I clearly grasped the facts concerning the so-called 
** Midtord Sands,” and when I became aware of certain palzeonto- 
logical evidence which | shall have to mention presently, it occurred 
to me to propose that the “‘ Toarcien”’ should be a separate and 
distinct division of the Jura-formation, or, if it be preferred, a distinct 
formation of the Jurassic system. I now find, however, that in this 
matter I have long ago been forestalled. Eugéne Deslongschamps 
says his father considered the series I propose to call “ Toarcien” as 
an intermediate subformation of very distinct character *, and I am 
inclined to agree with this opinion, rather than include these strata 
in the Inferior-Oolite series ; because there exists a far more marked 
stratigraphical and paleontological break at the end of the “Toar- 
cien” than at the beginning. Consequently, in my opinion, those 
who would relegate the ‘‘ Toarcien ” to the Lias have the weight of 
evidence upon their side; but I am opposed to this view, because to 
us, in England, it seems so entirely misleading and anomalous to call 
the Murchisone- and Concavum-zones—in the Cotteswolds nearly 
the whole Oolitic escarpment—by the term Lias. Again, there is 
quite a sufficient paleontological break at the beginning of the 
‘“‘Toarcien ” to warrant our making it a distinct stage or formation ; 
and probably stratigraphical evidence will also justify this proceeding. 
The term “ Toarcien ” commits us to nothing like the term ‘“ Inferior 
Oolite ;” it does not say whether the strata are clay, sand, or lime- 
stone ; and considering how unreliable a guide lithology is, I consider 
this a very important point. Those who are apt to defend the 
present divisions, especially Inferior Oolite, 1st, because of the 
Oolitic character of its rocks, composed, too, of a limestone, in distine- 
tion to the clay or sand below, 2nd, because this mass of limestone 
forms such an important and well-marked—easily recognizable—fea- 
ture in the country, should remember that this is by no means always 
the case, even in England; while over the much greater area—the 
Continent—it is the exception ; because clay, sand, or marl are wont 
to make up a large part of the Murchisone-zone and of the zones 
below it. 

The term “ Toarcien” will supersede a number of names which 
have been applied to its various constituents, namely, Upper Lias 
Clay, Upper Lias Sands, Supra-liassic Sands, Inferior-Oolite Sands, 
Midford Sands, Infra-oolitic marls, Lower division of the Inferior 
Oolite, Lower Bajocien, &c. 

Prof. Deslongschamps (op. cit. p. 100, footnote) says that the name 
“Toarcien” was unfortunately chosen, because at Thouars many of the 
beds of this age are wanting; in Normandy the series is more com- 
plete, but thin and irregular; but in the Moselle department the 
strata are most complete. 

In order to show this, he appends a Table of the strata in the 
different localities (p. 101), part of which I here reproduce (Table L., 
facing this page); but as the strata of Dorset are certainly more 
developed and show fewer lacunz than even those of the Moselle, 
I place them, and also those of the Cotteswolds, side by side with 


* See Eugéne Deslongschamps, op. cit. p. 98. 
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the French localities for comparison. The only observation which I 
have to make upon this Table is that in the first column the “‘ Caleaire 
i Am. jurensis,” placed below the Bifrons- and Serpentinus-beds, is 
totally at variance with all present knowledge, and is probably an 
error. 

The great variation in the lithology of the different localities upon 
the same horizon should be noticed. 


I will now proceed to consider the:evidence in favour of the pro- 
posed Toarcian division and will in consequence begin with the 
paleontological aspects of the case. 

The family Hildoceratide dominate this period. They appear 
suddenly with the Fulczferwm-zone, and die out abruptly with the 
exit of the Concavum-beds. Prior to the former, or subsequent to 
the latter, only a very few species are found. The annexed Table 
of the range of the species and genera of the family Hildoceratidee 
will fully bear out these remarks. 
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+ For information concerning the position of many of these species (especi- 
ally those of older authors), I must acknowledge myself indebted to Dr. Haug’s 
memoir on Harpoceras: Neues Jahrbuch fir Mineralogie &c. Beil. Bd. iii. 1885. 

Many of Dumortier’s species are given by him as from the zone of Ammi. 
bifrons (=Commune- and Jurense-zones above). In such cases I have referred 
the species to the Commune-zone, unless I had knowledge or evidence to the 
contrary. 

The zone of Amm. Parkinsoni does not, to my knowledge, contain any 
species belonging to this family; but certain members thereof (descendants of 
the genus Ludwigia) occur in the strata above. Other species in the same 
horizon perhaps belong to this family; but at present we are only concerned 
with those in the zones here given. 
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Tasre II. (continued). 
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TasxeE II. (continued). 
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I have tabulated herein 96 species of this family, and I believe 
that, with very few exceptions which I have not had opportunity 
to study, these include all the Ammonites which belong to this 
family in the zones mentioned. It will be noticed that, of all these 
species, only three survive the period known as the Concavum-beds, 
a fact which cannot but be regarded as extremely striking; while, 
on the other hand, only 13 of the species appeared prior to what I 
propose to name Toarcian. Thus we are left with 80 species of 
this one family as existing during the Toarcian period; and we 
may, I think, with propriety, define this period as the one which was 
dominated by the family Hildoceratide. Curiously enough, different 
portions of the Toarcian were dominated by certain genera of this 
family: thus Hildoceras, Harpoceras, and Lillia dominate the Falci- 
ferum- and Commune-zones ; Girammoceras dominates the Jurense- 
and Opalinum-zones; Ludwigia, Lnoceras, and Hyperlioceras domi- 
nate the Murchisone- and the Concavum-zones. 

It would seem that the upper limit of the Toarcian is more 
sharply defined upon the continent than with us, owing to the 
absence, apparently, of the Concavum-beds from the continent. I 
fancy that the Concavum-zone helps to bridge over the hiatus 
between the Mus hisone- and so-called Sowerbyi-zones of the con- 
tinent, and therefore it gives a certain amount of difficulty. It is 
quite true that the Hildoceratidz come to a sudden end within the 
Concavum-zone, as the Table shows ; but we also meet with a number 
of species (as yet undescribed) of the genus Sonninza ; and this genus 
is one which belongs especially to the strata above the Concavum- 
zone, and therefore helps to connect it therewith. It was the pre- 
sence of these Sonninice (some of which are very similar to, though 
precursors of, Sonninia Sowerlyi) which caused me to call the 
Concavum-zone ‘‘the Sowerbyi-zone”; especially as they make a 
sudden and quite unexpected appearance in the Concavum-zone and 
are absent from the Murchisone-zcne. Probably we must not ex- 
pect to find any division where there isnot some connexion with 
strata above; and the value of these Sonninie is again balanced by 
Hammatoceras, a genus which began in the Jurense-zone and ended, 
apparently rather abruptly, in the Concavum-zone, having been 
fairly persistent through the intermediate strata. The presence of 
members of the genera Oppelia and Lissoceras is evidence neither 
one way nor the other; it connects the strata no more with the 
Oppelice of the Opalimum-zone than with those of the Humphrie- 
sianum-zone. The presence of one or two small species of Stepha- 
noceras perhaps tends rather to unite the Concavum-zone with the 
strata above them. But the presence of Lytoceras confusum (a 
member of the Jurense-group) unites the Concavum-zone very forcibly 
with the rest of the Toarcian by means of the following series :— 
Lytoceras jurense, in the zone of that name; Lytoceras Wrighti, in the 
Opalinum-zone ; Lytoc. amplum in the Murchisone-zone ; because we 
must remember that Lytoceras Eudescanum of the Humphriesianum- 
zone does net belong to the Jurense-group of the Lytocerata, but to 
the Fimbriatum-group. After all, the strongest paleontological 
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evidence in favour of a break above the Concavum-zone is that 
thirteen species of Hildoceratidee occur in the Concavum-zone, while 
only one is found in the succeeding Sauzet-zone. 
The geological evidence in favour of a break above the Concavum- 
zone is somewhet striking. The failure of the Humphriesianwm- and 
Sauzei-zones in the majority of English localities affords us at once a 
very definite break, and leaves us with few, if any, places where 
there would be anything like drawing a really arbitrary line. At 
Dundry the Humphriesianum- and Sauzer-zones are present ; at Mil- 
borne Wick and in the neighbourhood of Sherborne the same holds 
good; these are the places where we may expect opposition. At 
Burton Bradstock and in the Bridport neighbourhood the Hum- 
phriesianum-zone is feebly represented ; but there is a hiatus, due 
to the absence of the Sauwzei-zone and the Concavum-beds. At 
Halfway House and Bradford Abbas the Humphriesianum-zone is 
represented by a very thin band, of itself more like a dividing-line 
than anything else; while the Sauzez-zone is probably almost, if not 
entirely, absent. At Stoford, East Coker, Haselbury, Crewkerne, 
Broad Windsor, and around Beaminster the Hwmphriesianum-zone 
is entirely absent—the Parkinsoni-zone rests upon the Murchisone- 
zone or the Concavum-zone. Further north we find, at Cole, the 
Parkinsoni-zone resting on the Sawzei-zone, and this, again, on the 
Murchisonce-zone—the Concavum-beds are absent; while at all other 
places, Castle Cary, Doulting, Cranmore, along the sides of the Men- 
dips, at Kadstock, at Midford, and at Bath the Parkisoni-zone 
rests on sands and, in some instances, on Carboniferous Limestone. 
Throughout the whole of the Cotteswolds the Humphriestanum-zone 
is absent *; the Parkinsoni-zone (Upper Trigonia-grit) rests upon 
the Concavum-zone (Gryphite-grit), but in many parts there is a 
greater hiatus; than this. From Little Sodbury nearly to Stroud 
the Upper Trigonia-grit rests upon the Freestone or Limestone of 
the Murchisone-zone, and there is a lithologically marked hiatus. 
In the eastern extension of the Cotteswolds, namely, at Little Ris- 
sington, near Stow-on-the-Wold, the Clypeus-grit (Parkinsoni-zone) 
rests upon the Upper-Lias Clay, so that the hiatus is now very 
great. 
* T would expressly note, in passing, that Tam pleased to think my views 
upon the proper position of the Gryphite-grit &c. were published before any- 
thing of this kind had been thought of, at any rate by me (Proc. Cotteswold 
Club, vol. ix. 1887), so that it cannot be said that such views were manufac- 
tured to meet the exigencies of the situation. It can, however, be seen how 
extremely important such views have become in connexion with the present 
ideas. The zonal arrangements of the Cotteswolds, according to Dr. Wright 
and Prof. Judd, whereby the Upper Freestone &c. represented the Hiwmphrie- 
sianum-zone, and the Oolite Marl the Sowerbyi-zone, would have greatly in- 
terfered with the working-out of the present views. 
__ +t In the North Cotteswoids this hiatus is marked lithologically by a bored 

bed covered with oysters. In the South Cotteswolds the junction of the Upper 
Trigonia-grit and the Gryphite-grit is not so distinguished ; but this is paral- 
leled by Castle Cary (p. 447). At the same time there is, singularly enough, 
a distinct lithologically-marked hiatus in this district, on a lower horizon, 
namely at the top of the Upper Freestone; but this hiatus means the absence 


of the Lower Trigonia-grit of the Cheltenham district, some 24 feet of strata. 
QJ. Ge Se Nos 179: 25 
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So far I can speak almost entirely from my own knowledge of 
the various localities. To continue the subject:—Dr. Wright * 
notices that near Burford, and in the north-eastern parts of the 
Northleach district of the Cotteswolds, the Parkinsoni-zone rests 
upon the Upper Lias. Mr. Hudleston} says that further east- 
wards, namely, at Hook Norton, in Oxfordshire, the Parkinsoni-zone 
rests on the Murchisone-zone and that there is therefore a hiatus. 

In a section of the Northampton district, very kindly sent to me 
by Mr. Thompson, an ‘‘ Unconformity ” is said to exist between the 
Lower Estuarine series (Northampton Sand, Murchisone- or Opa- 
linum-zone ?) and the Upper Estuarine series (Great Oolite). 

At Rockingham, Stamford, and Grantham Prof. Judd + depicts 
the Upper Estuarine series (Great Oolite’ resting upon the Lincoln- 
shire Limestone of the Inferior Oolite. In Middle and North Lin- 
colnshire he snows the Great-Oolite Limestone resting on the 
Lincolnshire Limestone. Now he places the Lincolnshire Limestone 
in the Sowerbyi-zone, but at the same time on the level of the 
“ Oolite-Marl” (page 8). In the latter case, the Lincolnshire 
Limestone would be in the Murchisonce-zone, according to my views, 
and this is Mr. Hudleston’s opinion of its proper position (op. cit. 
p- 72). Therefore we have the same hiatus at the top of the 
Murchisone-zone, only that it is now much greater, owing to the 
absence of all the upper beds of the Inferior Oolite. 

In the Yorkshire basin we have the Humphriesianum-zone (Scar- 
borough Limestone) resting upon the Murchisone-zone (Hudleston, 
op. cit. page 75),so that here, too, we have a paleontological hiatus 
(the Sauzei-zone and the Concavum-beds being absent), though there 
is no mention of any lithological one. 

I have therefore shown that over nearly the whole of the English 
Inferior-Oolite area, and especially where the zones can best be 
distinguished, there already exists a well-marked, ready-made line 
of division, due to the absence, generally, of the Humphriesianum- 
zone, but very often to the absence of other zones also. In some 
cases this hiatus is marked stratigraphically by the presence of a 
bored bed, by the under rock being pitted or covered with oysters, 
and by other signs of a cessation of deposition ; but in other cases 
a long interval may not be marked in this way, and the two periods 
may be actually cemented together into one stone (see page 447), so 
that we again find lithological features to be unreliable. 

Dr. Vacek, who has worked this matter out very extensively in 
connexion with his proposal to include the Murchisone-zone in the 
Lias, finds, upon the continent, a very extensive hiatus between the 
Murchisone- and so-called Sowerbyi-zones. Possibly this Sowerbyi- 
zone, in its strict sense, is more correctly on the horizon of our Sauzei- 
zone; and in that case it seems to me that our Concavum-zone is 
possibly the stratum the absence of which the hiatus represents. 

Eugéne Deslongschamps (op. cit. p. 94) shows that this hiatus, 

* « Subdivisions of the Inferior Oolite,” Quart. Journ. Geol. Soc. vol. xvi. p. 18 
1860). 
ip ae of the Inferior Oolite,’ Palzont. Soc. 1887, p. 71. 


t Memoirs of Geological Survey, ‘Geology of Rutland,” plate i. (vertical 
sections). 
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accompanied by conglomerate and signs of erosion, is also very clearly 
marked in Normandy as indicated in his figure (No. 19) p. 95. In 
this is shown also the partial extent of the Humphriestanum-zone (the 
dotted stratum). Its absence at Falaise brings the Parkinsoni-zone 
in contact with the Maliére, which is what we so frequently find in 
this country. In fact, if we omit from the above-mentioned diagram 
the conglomerate and the signs of erosion, if we substitute Con- 
cavum-beds for Malieére, Sherborne for Bayeux, and Bradford Abbas 
for Falaise, and imagine Louse Hill situated a short distance from 
the latter place, we have exactly the position of the Inferior-Oolite 
strata in Dorset, as well as their extent and sequence. It may be 
remarked, however, that in Dorset the absence of any particular beds 
is not necessarily attended with signs of erosion. Lithologically 
there may be little to indicate the absence of even a considerable 
series (page 447). 

How the matter stands lithologically for the commencement of 
the Toarcian I cannot say, because I have not studied the Liassic 
strata with that minute analysis necessary to grapple with such a 
task; but in the South-Western counties I know we have a marked 
lithological change from the hard Marlstone of the Middle Lias to the 
clays of the Falciferwm-zone ; and this line corresponds with a line of 
division at present in use. In passing I would note that in draw- 
ing dividing-lines we must have regard to what will suit Continental 
strata as well asour own ; that whatever lines we adopt will certainly 
be bridged over more or less in some places; and that all that we 
can hope is to choose, as the limits of our divisions, lines which can 
be drawn with the most ease over the greatest extent of country. 
Such I claim for the Toarcian. 

The following is a general description of the strata for which the 
term “ Toarcian ” is proposed. 

A variable series of clay, sand, and limestone, during the formation 
of which the Ammonite-family Hildoceratide was dominant, and 
which series, practically speaking, corresponds in its duration with 
the beginning and ending of the majority of members of that family. 

The series comprises the period from the Falciferwm-zone to the 
Concavum-zone inclusive. 

In England the series usually consists of clay at the base, yellow 
sands in the middle, and oolitic limestone at the top; but the sands 
may be absent ; while clayey or marly conditions may be partially 
reproduced at the very top (Dundry, Corton Downs). 

In the south-western parts of the Jurassic development (counties 
of Gloucester, Somerset, and Dorset) the duration of the clay is very 
variable. It may cease, giving place to sands, before the end of the 
Commune-zone, or may last into the middle of the Jurense-zone 
before it gives way. ‘The period of sand-deposit is very variable ; 
it may exist from the middle of the Commune-zone to the middle of 
the Jurense-zone, or from the middle of the latter zone to the middle 
of the Opalinum-zone. The oolitic limestone, too, may begin in the 
middle of the Jurense-zone, or may not begin till nearly the end of 
the Opalinum-zone. Argillaceous marl mixed with some limestone 
may reappear in the Murchisone- and Concavum-zones. 

2L 2 


MR. S. 8. BUCKMAN ON THE 


468 


lons, W 


ill 
, and will 


Table III., p. 469, compiled from my own observat 
show the variations in lithology in the different zones 
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Concavum- 
zone} .. 


Murchi- 
son@-zone 


Opalinum- 
ZONE... 


Jurense- 
zone 


Commune- 
zone 


eeey ii 
a 
| 
| 


f 


CHELTENHAM. 


erits (lime- 
stone). 

Micaceous yellow 
sands, 


reestone freceetenoedines! 
stone). 
Marl. 
Freestone (lime- 
stone). 
Pisolitic lime- 
stone. 
limestone. 


Sandy limestone. 
Tronshot lime- 
stone. 


Absent, 


Blue and yellow 
sands. 
Blue clay. 


CoALEY Woop. 


Absent. 


‘Freestone 
(limestone). 


Sandy lime- 
stone. 
Tronshot lime- 
stone. 
Hard, ironshot 
marl, 


Tronshot marl 
and limestone. 
Yellow mica- 
ceous sands. 


Yellow and blue 
micaceous 
sands. 

Blue clay. 


SODBURY. 


Absent. 


Freestone 
(limestone). 


Sandy lime- 
stone. 
Ironshot lime- 
stone. 
Tronshot marl. 


Tronshot marl. 
Yellow sands 
and sand- 
stone. 


Taste III.* 


ee ae a |, | Ei eee | a ee Se ee aca eS a oe ne al en a 


Absent. 


Absent. 


Absent. 


Yellow 

sands. 

Oolitic 
limestone. 


Oolitic 
limestone 


(thin band). 


DUNDRY. ILMINSTER. HAM HItu, 
Slate- 
a ee enuded: Denuded. 
limestone. 
Bluish-grey 
Stone. Denuded. Denuded. 
ae R Yellow sands. 
ard bluish- Freestone. 
grey shale. Wenner, (Yellow shelly 
sandstone). 
Yellow sands. 
Brown marl 
Bluish-grey (thin). Probably as at 
sands. Yellowish-grey Ilminster. 
stone (thin). 
Blue clay. 
Bluish-grey 1 
Blue clay ? | clayey marl and Eich a 


stone. 


x No definite details available. 


* The designations denote different beds in their correct order, except when between brackets, when they are explanatory of the following sentence. 
t See footnote, page 459. 


CorRTON STOKE 
Downs. KNAP. 
Biuiineley, Tronshot 
laneatonet limestone. 
Yellow |Pale yellow 
limestone. | limestone. 
|Part absent? Sandy grits 
Yellow d d 
Banda and sands. 
x x 
x x 


Burton BRAD 
STOCK AND 
Down CuiFF, 


Absent. 


Thin band of 
limestone. 


Grey limestone. 
Yellow sands. 


Yellow sands. 
Blue clay. 


Blue clay. 
Pink limestone 
(thin band). 


470 MR. S. S. BUCKMAN ON THE 


Considering the very great development of the Toarcian limestone 
in the Cotteswolds it may be advantageous to give a comparison of 
the strata of that district with a section of the strata in Dorset (fig. 2, 
facing p.456). This correlation is entirely founded on the position of 
the different species of Ammonites ; and for further information on 
this matter the reader is referred to my Monograph on ‘“ Inferior- 
Oolite Ammonites,” Paleontographical Society, p. 91. 

The horizontal diagram (fig. 3, p. 468) is intended to represent the 
Inferior-Oolite strata north and south of the Mendips, with their 
geographical extension according to the correlation just given, on a 
line from Leckhampton Hill to Burton Bradstock. Apparently the 
Mendip range must have acted as a barrier between the areas on 
each side of it; but it is more curious to find that a change in litho- 
logy in the Sodbury district, a change which I have demonstrated in 
the case of the sands, should coincide with an outcrop of Carboniferous 
Limestone. This is part of a patch which extends to Charfield and 
reappears across the Severn and no doubt formed, at that period, a 
subsidiary range of hills joining the Mendip axis at right angles. 

However, the character which this figure brings into greatest 
prominence is the remarkable persistence of a hiatus or lacuna, 
due to the absence of certain strata, in the middle of what is called 
Inferior Oolite. This is the same hiatus which Eugéne Deslongs- 
champs finds in Normandy, and which he proposes shall mark the 
uppermost limit of his Infra-Oolitic marls; this is the same hiatus 
which Dr. Vacek says occurs over the continent generally, and 
which he proposes as the uppermost limit of the Lias; this is the 
hiatus which I, following d’Orbigny, propose to take as the dividing 
line between the “ Toarcien ” and the ‘“Bajocien” ; this is the hiatus 
which is accompanied paleontologically by the sudden exit of nearly 
all the Hildoceratide, or ‘ true Falciferi.’ 

One last subject remains to be dealt with, namely, the matter of 
- mapping. In connexion herewith the proposed classification would 
introduce some advantages, and would certainly get rid of such 
anomalies as the same zone being mapped as ‘‘ Medford Sands” 
in one county and as Upper Lias Clay in another; or, again, as 
‘“« Midford Sands” at one place and Inferior-Oolite Limestone some- 
where else. It would probably be best for this purpose to divide 
the Toarcian into Upper and Lower, although there is between 
them, lithologically, no marked break at any point, and, paleonto- 
logically, only a smalJl one. This paleontological break occurs at 
the end of the Opalinum-zone with the extinction of the genus 
Grammoceras—only one species of which, I believe, survives into the 
Murchisone-zone. Therefore, the Falciferum-, Commune-, Jurense-, 
and Opalinum-zones form the Lower Toarcian. They would 
require the following changes among others, namely the abolition of . 
the dividing-line now drawn between Upper Lias* and “ Midford 


* Throughout a large part of Dorset and Somerset the Upper Lias Clay is 
not mapped, although to a great extent it overlies what is marked as “g 2, 
Middle Lias.” For instance, at South Petherton, it is exposed to a depth of 
nearly seven feet on the top of the Marlstone; but nothing is said about it on 
the map. 
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Sands,” which is erroneous, and the merging of these two divisions 
into one—Lower Toarcian *—with perhaps a marginal note as to the 
position of ‘ the Sands” in the various localities. 

On the other hand, the Murchisone- and Concavum-zones in 
Gloucestershire, from the Pea-grit, or perhaps from the Lower Lime- 
stone, to the Gryphite-grit, would form the “ Upper Toarcian ;” and 
this horizon might be marked as g4. Wherever the Upper 
Trigonia-grit (Parkinsoni-zone) is absent in the Cotteswolds would 
be Upper Toarcian and would cause considerable alteration. 
Part of Cleeve Hill, part of the district round Andoversford, part of 
Leckhampton Hill, Crickley Hill, part of Birdlip Hill, part of 
Haresfield and Frocester Hills, and, in fact, most of the outer edge 
of the escarpment would be Upper Toarcian. Part of the country 
round Corton Downs, in Somerset, and some part of the escarpment 
as it passes along. now in Somerset, and now in Dorset, would also 
be distinguished as Upper Toarcian. 

I may just say a word concerning the Northampton Sands, and 
the sands below the Yorkshire Dogger. Although partly on the 
same horizon as the strata which have been mapped as “ Medford 
Sands,” these sands have been mapped separately. Part of the 
Northampton Sand, however—that round Duston—belongs to the 
Opalinum-zone, as I have been able to determine by an inspection of 
its Ammonites +. Mr. Thompson ¢ has attempted to show that the 
Upper Leda-ovum-beds upon which this rests—the top of the Upper 
lias Clay of the district—belong to the Jurense-zone. I should be 
glad to admit this, if possible, as 1t would be an additional argument 
against the artifical definition of the “‘ Midford Sands” as equal to 
the Opalinum- and Jurense-zones ; but I am unable to doso. The 
species of Ammonites which he quotes (p. 83) from the Upper 
Leda-ovum beds are all characteristic of the Commune-zone; none of 
the characteristic Juwrense-zone species are mentioned—not a single 
species of the genus Grammoceras which dominated that period. 
The Dogger Sands of Yorkshire everlie the Strzatulum-beds. From 
ai examination of some species of Ammonites kindly forwarded to 
me by Mr. Hudleston, I am able to confirm his view that they, in 
part at any rate, belong to the Opalimwm-zone; and in part they 
represent the Dumortieria-beds. It would be correct, looking at 
their zonal and stratigraphical affinities, to place together the 
Yeovil and the Dogger Sands under one name—far more correct than 
to combine the former with the Cotteswold and Midford Sands. 
Both the Yeovil and the Dogger Sands occupy a similar horizon, 
namely above the Striatulum-beds and below the Murchisone-zone ; 
while the Cotteswold Sands are below the Strzatulum-beds. Accord- 
ing to the present proposed classification, the Yorkshire Oolites up 


* The tops of Ham Hill and Chiselborough Hill in Somerset—at present 
inarked g 5, Inferior Oolite, and which ought, at least, to have been marked g 4, 
‘- Midford Sands,” the same as the sands with shelly beds at Stoford, Babylon Hill, 
Bradford Abbas, &c., which are on the same horizon—would be marked as 
Lower Toarcian. 

+ ‘‘Inferior-Oolite Ammonites,” p. 52. Paleont. Soc. 1888. 

t “The Upper Lias of Northampton: Part VI.,” Journal of the North- 
amptonshire Natural History Field Club, p. 54 (1888). 
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to the top of the “‘ Middle Shale and Sandstone ” (Hudleston, op. cit. 
p- 75) would be in the Yoarecian—the Lower Toarcian would 
end with the Dogger Sands, and thence would be Upper Toarecian. 

In the Midland Counties the Toarcian would include the Lin- 
colnshire Limestone; above that would come the Bathonian, the 
Bajocian being entirely absent. 


Concrustons. 


We arrive at the following conclusions in this paper :— 

1. That the yellow-sand deposits of the counties of Gloucester, 
Somerset, and Dorset are on different horizons, earlier in the North, 
and later in the South. 

2. That it is best to retain the names Cotteswold, Midford, and 
Yeovil Sands as local names merely, and not to extend these divisions 
beyond the yellow micaceous sands. 

3. That the term “‘ Widjord Sands” ior the whole series is 
inapplicable, since it gives an idea of contemporaneity, which does 

not exist. 

4, That on account of the different horizons at which the sands 
are developed, and on account of the fact that they occupy only a 
small part of the duration of sandy deposits in various places, the 
idea of considering them as passage-beds between the Lias and the 
Oolite cannot be entertained. 

5. That it is incorrect to assign all these sands either to the Lias 
or to the Inferior-Oolite series. | 

6. That there is no continuous and marked geological or palzonto- 
logical break either at the beginning or end of these sand-deposits, 
or even at the end of either the Commune-, Jurense-, or Opalinum- 
zones. 

. That the strata irom the Faleiferum-zone to the Concavum- 
zone inclusive form a very continuous series dominated throughout 
by the Hildoceratide, and marked off paleontologically from its 
predecessors or successors; and that at the end of this period there 
is a ready-made break, often marked lithologically, due te the 
absence of one or other life-zone. _ 

8. That the term TYoarcian is applicable to this series; and it 
should be erected into a distinct formation. 

9. That the term Toarcian is commendable because it does not 
commit us to any definite opinion concerning the constituents of the 
strata, whether Clay, Sand, Limestone, oolitic, or otherwise. 

10. That the term is preferable to ‘“ Infra-Oolitie Marls;” 
because the term “ Marls” is anomalous when applied to the 
majority of English localities. 

11. That to call the whole series “ Toarcian” is preferable to 
placing the Fuleiferum-, Commune-, and Jurense-zones in the 
Inferior-Oolite Series, or to uniting the Opalinum-, Murchisone-, 
and the Coneavum-zones with the Lias ; because both of these plans 
suggest an anomaly. 

12. That the term “ Toarcian,” as thus defined, should be regarded 


COLTESWOLD, MIDFORD, AND YEOVIL SANDS, ETC. 473 


as a division of the Jura-formation, or a separate formation in the 
Jurassic system. 

13. That the Toarcian can be conveniently divided into Upper 
and Lower Toarcian, the former including the zones from the Fal- 
ciferum- to the Opalinum-zone, and the latter the Murchisone- and 
Concavum-zones; while the division between them practically cor- 
responds to the disappearance of the genus Girammoceras, 

14. That the term ‘‘Cephalopoda-bed of Gloucestershire” is 
unscientific. It does not embrace any particular zone, does not begin 
or end with any Ammonite period, and, if we think of Sodbury, is 
not referable to any uniform lithology. 


DIscuUssION. 


The Prestpent said that the paper showed a large amount of 
field- work in conjunction with paleontological research, and helped 
to prove that much had yet to be done in the stratigraphy of England. 
He commented on the interest attaching to the Jurassic system, 
where the zonal divisions were so well marked. Neumayr had 
enumerated 33 zones. In the International Geological Map of 
Europe, the base of the Opalinum-zone had been adopted as the 
lower boundary of Middle Jurassic. He doubted the advantage of 
admitting intermediate subdivisions like “ Toarcian,’ and would 
prefer a conventional arbitrary limit. 

Mr. H. B. Woopwarp commented on the biological character of 
the paper. In England the entire Jurassic series (locally) was con- 
formable, and the question was whether our divisional lines should be 
drawn on paleontological or stratigraphical evidence. A zone might 
be regarded as a particular assemblage of species; but when traced 
for any distance these zones were found running into each other. He 
instanced especially the inosculation of the zones of the Lias, as 
showing there were no rigid planes of division. He had adopted 
the term ‘‘ Midford Sands ” because it met an acknowledged difficulty ; 
and so long as people knew what it meant, he could not see any 
valid objection toits use. The lower portion of the “‘ Sands” in the 
Bridport Cliffs was inaccessible ; but the beds passed downwards into 
the Upper Lias, while the upper parts were more nearly allied to 
the Inferior Oolite. He referred to the difficulties in connexion 
with the naming of Ammonites, and concluded that, taking the 
Cephalopoda-beds and the ‘ Cotteswold Sands” together, and as 
stratigraphically equivalent to the ‘‘ Yeovil and Bridport Sands,” 
the term “ Midford Sands ” ought not to be changed. 

Prof. Braxr considered that the Author had thoroughly proved 
his case, in so far as showing that the different ‘‘ Sands ” were not 
on the same horizon. With respect to the ‘“ Toarcien,” he thought 
the suggestion by no means new. As regards the dividing-line 
between Lias and Oolite, he observed that in South Europe lime- 
stones were more abundant in the Jurassic rocks. Weought to pay 
some attention to lithological distinctions as indicating physical 
changes. A new fauna, and that by no means Liassic, made its 
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uppearance in the Cephalopoda-bed, although the same Ammonite- 
groups remained. The Author surmised that the Striatulus- 
beds disappeared towards Burton Bradstock, indicating a palzeonto- 
logical break. In Yorkshire, the Striatulus-beds were in Liassic 
shales. No doubt the family Hildoceratide constituted a bond of 
union between Lias and Oolite; but if this principle were generally 
adopted, this would help to divide the Lias also. Hence his ob- 
jection to the proposed “ Toarcian.” 

Rev. H. H. Wirxwoop declared that lithology was cast to the 
winds if we accepted the conclusions of Mr. Buckman’s paper. How- 
ever, he was glad that the Author had done away with the 
misleading name “ Cephalopoda-bed.” In addition to Amm. striatulus, 
found in the Midford Sands in a cutting near Bath, he had found 
portions of another Ammonite, apparently too imperfect for Mr. Buck- 
man to define, and also portions of a Brachiopod defined by Chas. 
Moore as Rhynchonella spinosa. He did not fully recognize Mr. 
Buckman’s section at Lyncombe. 

Mr. Hupieston was glad to hear a confirmation of the first part 
of Mr. Buckman’s contention from so good a paleontologist as Prof. 
Blake. Lately, whilst examining the Inferior Oolite of the south- 
west for a particular purpose, he had come to the conclusion that 
the Yeovil Sands were on a different horizon from those of the 
Cotteswolds ; hence he could not think it was advisable to describe 
them by the same name, except on very general grounds. When 
Phillips selected the term ‘‘ Midford ” for the “ Sands” generally, it 
was probable that he had not an intimate knowledge of any of them. 
As regards the real Midford Sands the only thing clear about them 
was that they lay above the Striatulus-beds, and were consequently 
more allied to the Yeovil than to the Cotteswold Sands. If Rhyn- 
chonella spinosa had really been found the Midford Sands would belong 
to the uppermost zone of the Inferior Oolite. It was suggested that 
this might have been Rhynch. cynocephala. In the section near Mid- 
tord the beds of the Parkinsoni-zone rested directly on the Sands,show- 
ing the absence of the Murchisone- and Humphriestanum-zones ; 
hence there could be no question of passage where such a break 
existed. 

Mr. Buckman’s proposal to establish the “ Toarcian ” at the expense 
of the Upper Lias and the Lower Division of the Inferior Oolite was 
scarcely practicable, though we were indebted to the Author for 
specifying the particular genera of the Hildoceratidee which charac- 
terized the several series. In Dorsetshire the paleontological hiatus 
between the Lower and Upper Divisions of the Inferior Oolite was 
undoubtedly very great, and by no means confined to the Cephalopoda. 
But this could not outweigh the many considerations on the other 
side. If Mr. Buekman’s views on this point were accepted the Infe- 
rior Oolite would disappear, the Upper Division being thrown to the 
Bathonian. 
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30. On the Propuction of Seconpary Mivnerats at SHEAR-ZONES in 
the CrYsTALLINE Rocks of the Matvern Hitts. By Cuarizs 
Cattaway, D.Se., F.G.8. (Read April 17, 1889.) 


[Prats XVI. ] 


ConTENTS. 
INTRODUCTION. 
I, SrrucTuRAL AND MINERAL CHANGES PRODUCED AT SHEAR-ZONES. 
A. Structure of a Shear-zone. 
B. Schistosity in Diorite. 
C. 3 sf Granite. 
D. ts BS Felsite. 
HK % Veined Complexes. 
1. Production in Diorite of Micas, Quartz, and Secondary Felspar. 
2. Further Mineral changes. 
3. Descriptive Notes on some of the Minerals by Dr. H. B. Patton. 
4. Exogenous Origin of the Granite-veins. 
5. Mineral Aggregation and Enlargement. 
6. Introduction of new Minerals by Infiltration. 
II. CuEemicaL ConstDERATIONs. 
III. Temperature or METAMORPHISM. 
SUMMARY. 
InrRopucTION. 


In an introductory paper * read before this Society in April 1887, I 
gave a rough sketch of the mode in which certain of the Malvern 
schists f were produced; but no attempt was made to offer a com- 
plete solution of the questions discussed. At the British Association 
in 1887 and 1888, and at the International Geological Congress in 
1888, I briefly stated certain additional results, reserving particulars 
of the evidence for more detailed communications. One of the most 
important branches of the inquiry is the genesis of the respective 
minerals, especially of the micas. If, as I hope to prove, some of 
the most abundant minerals are of secondary origin, the ground will 
be cleared for working out the details of the problem in hand. 
Minute particulars of rock-composition will rarely be necessary 
in this paper. The principal varieties of the Malvern rocks have 
lately been carefully described by Mr. Rutley +, and, furthermore, I 
believe that the question is to be settled rather by field-evidence 
than by the study of minute structure. Indeed, the chief results 
were decided in the mind of the writer before a single slide had 
been cut. Nevertheless more than 150 rock-sections have been 
piepared. Some typical examples of these were submitted to the 
skilled examination of Dr. H. B. Patton, assistant to Prof. Rosen- 
busch, of Heidelberg, and he has generously permitted me to incor- 
porate his notes in this communication§$. My thanks are also due 


Quart. Journ. Geol. Soe. vol. xlii. p. 525. 
By “schist * I always mean “crystalline schist.” 
Quart. Journ. Geol. Soe. vol. xliii. p. 481. 

§ Dr. Patton’s identifications of minerals were in all material points iden- 
tical with my own. A few cases in which we differed I have excluded from 
consideration. 


* 
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to Mr. J. J. H. Teall for several valuable suggestions, and his 
admirable monograph* has been of much use. It is satisfactory 
to note that Mr. Teall has recognized at the Lizard certain 
‘‘banded gneisses’ to which he assigns an origin similar to that of 
the “ injection-schists ” of my last paper; but I understand that he 
expresses no decision on the genesis of the granite-veins. Prof. 
Bonney has also favoured me with his opinion on certain points. 


I. SrructuRAL AND MINERAL CHANGES PRODUCED AT SHEAR-ZONES. 
A. Structure of a Shear-zone. 


As the production of new minerals is frequently connected with 
a differential movement in rock-masses, it is necessary to describe 
the nature of the shearing and the distribution of the sheared rocks. 
At Malvern, foliation (which in this district is ordinarily the result 
of shearing) occurs in bands of irregular breadth situated at irre- 
gular intervals. The zones may be a few inches or many yards 
broad, and the intervals between them may vary from a few feet to 
several furlongs. As the strike of the zones is usually transverse to 
the geographical axis, the length can rarely be ascertained; but 
in the Ragged Stone Hill a shear-zone which coincides in strike 
with one of the spurs can be traced for about half a mile. The 
gneissic structure usually shades off on each side of the zone into 
the ordinary igneous masses, and within the zone itself the meta- 
morphism varies in intensity, bands of maximum shearing alternating 
with rock in which the original structure of the diorite or the gra- 
nite has only partially been destroyed. The schistosity may exist 
in granite, diorite, or felsite; but the most interesting phenomena 
occur where diorite is interlaced with granite veins. These foliated 
bands may be described as “shear-zones.” Their most frequent 
strike is to the north-west. 

The proofs of mechanical force resulting in shearmg are numerous 
and clear. Hornblende-crystals are drawn out into ribands, which 
are sometimes bent round crystals of felspar. Felspars are occa- 
sionally bent, but more frequently they are broken; sometimes the 
fragments are partially rounded, so that when immersed in chlorite 
and arranged in layers they present a curious mimicry of the coarse 
seams in a sedimentary rock. The effects of pressure increase in 
intensity towards the shear-zone, the crystals of hornblende being 
progressively elongated, the felspars, when not broken, becoming 
somewhat flattened, and folia of secondary quartz increasing in length 
and tenuity. Sometimes a crystal of hornblende breaks up along 
the cleavage-planes into numerous fragments, which are drawn 
away from each other along the direction of foliation, and tail out 
at the ends in a few widely separated particles. ‘The interspaces 
are filled with other minerals; but the scattered parts of the 
broken crystals often extinguish simultaneously. ‘‘ Strain-shadows ” 
in crystals are very frequent. 

* British Petrography, 1888. 
+ British Association Report, 1887, p. 707. 
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The differential nature of the movement is seen by taking a 
series of specimens along a straight line at distances of two or three 
inches. When we examine the slides in succession we can trace 
the stages through which a clear idiomorphic crystal of hornblende 
passes into an irregular opaque string of three or four times the 
original length. A similar change may often be seen even in the 
same slide. One side may be diorite, scarcely modified ; the other, 
a schist. 

The planes of movement (shear-planes) can frequently be observed. 
They sometimes appear in the slides as lines of actual separation 
sharply indicated by decomposition-products, such as chlorite or 
ferrite. At these lines the minerals have suffered their maximum 
of distortion and fracture. In a further stage of metamorphism, 
when decomposition has begun to give place to reconstruction, the 
shde is clearer, and frequently, in the case of diorite, black mica 
is formed at the shear-planes, so that the rock splits into thin 
leaves whose surfaces glisten with mica, while the interior of the 
laminze may be dioritic. In a thoroughly reconstructed rock it is 
not always possible to detect the shear-planes. In some schists 
they are marked by lines of mica, and this is perhaps the most 
general indication. 


B. Schistosity in Diorite. 


Except in the contiguity of granite-veins, I have not observed 
that very material changes occur in diorite under pressure. Paral- 
lelism of structure, the production of shear-planes, the formation of 
decomposition-products, the distortion and fracture of minerals are 
the ordinary effects noticed in the Malvern district. 


C. Schistosity in Granite. 


On the margin of a zone the granite is crushed into a mass of 
subparallel wedges, which become progressively thinner and longer. 
In the bands of maximum shearing the cracks are healed up, and 
the ordinary gneissic structure appears. Much of the felspar is 
reconstructed in smaller crystals or in granules, and secondary 
quartz is produced. Very frequently white mica is also formed. 
This change is, of course, well known, and I have described it from 
a Malvern locality in my former paper (p. 528). 


D. Schistosity mm Felsite. 


The felsite, already devitrified, progressively acquires a parallel 
structure, which becomes more and more marked, the individual 
eranules breaking up into quartz and mica till a mica-schist is 
formed (ibid. p. 530). Variations occur in the schist, due appa- 
rently to the segregation of the acidic and basic elements respec- 
tively, so that while some seams are a quartz-schist, in others the 
mica predominates over the quartz. 
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EK. Schistosity in Veined Complexes. 


The most important phenomena occur in masses of diorite inter- 
laced with granite veins and subjected to pressure. 


1. Production in Diorite of Black Mica, White Mica, Quartz, and 
Secondary Felspar. 


Shear-zone above West Malvern (Fig. 1).—This section is seen 
in the uppermost of several quarries at the more southerly of the 
two paths which cross over the ridge to Great Malvern. In the 
lower quarries the rock is mainly diorite with vertical granite- 
veins. The same structure appears in the greater part of the 
section; but just at the northern extremity shearing sets in. The 
diorite is one of the coarse varieties of my former paper, and is 


Fig. 1.—Section of Shear-zone above West Malvern. 
N. (Scale 3 feet to 1 inch.) 


a—a. Joint-surfaces, facing to south. 
s. Where shearing commences. 
vy. Vein with upper part sheathed in kersantite. 
v', Vein of quartz and biotite. 


similar to a rock described by Mr. Rutley* as a “ hornblende- 
gabbro.” In its normal state it 1s a granitoid compound of horn- 
biende and plagioclase, with perhaps an iron-ore and sometimes 
with apatite. The granite is the ordinary binary compound of 
quartz and red orthoclase, the only original granite I have ever seen 
at Malvern. Microcline + is sometimes found in it, but this mineral 
occurs so frequently in this district coincidently with crushing that 
I suspect much of it is of secondary origin. The veins vary in thick- 


* Quart. Journ. Geol. Soc. vol. xliii. p. 492, No. 4. 
t lbid. p. 500, No. 22; p. 505, No. 33. 
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ness from several feet to two or three lines. Some of them have 
subparallel margins, others form slender tongues ending upwards 
in a point, while one is narrow below but swells out upwards into 
a club-shaped mass. Where the veins attain a thickness of a few 
inches they are encased in a sheath of kersantite (diorite modified 
by the contact), the mica being most abundant at the contact of the 
kersantite with the granite. 

At the northern end of the section the veined rock passes rapidly 
into a banded gneiss, with a dip to the north of 70°. This sheared 
portion is about a yard wide, and probably extends further under 
the turf. The ground-mass (modified diorite) is blackish-green in 
colour, and is striped with several greyish bands (modified granite) 
varying in thickness from four inches to a line or two. The diorite 
and granite become progressively crushed towards the shear-zone ; 
but where the oblique dip sets in, the parallelism of the constituents, 
whether rock or mineral, grows very marked, and there is much 
mineral replacement. The following are the chief changes to be 
noted :— 


The granite (453 *) in the angle between the last vertical vein 
(v', fig.L) and the first clear dip of gneiss already begins to display 
a parallel structure. The felspar is largely microcline, showing very 
clearly the cross-hatched structure. The longer axes of the larger 
crystals and one system of lamelle lie in the direction of the rough 
foliation. The felspars are much corroded at the margins and in the 
interior by a water-clear mineral, probably quartz, so that idiomor- 
phic forms arerare. There are also in the slide many small crystal- 
line granules of microcline and of unstriated felspar, forming, with 
granular f quartz, thin irregular folia, such as are usual in a gneiss 
formed from granite. Quartz also occurs as long fingers running 
into and between felspar crystals, and, being parallel to the elonga- 
tion of the latter, they accentuate the schistosity. 

Another specimen of granite (405), taken just at the margin of 
the thoroughly schistose zone, has a more distinctly foliated aspect. 
The felspar, much of which is microcline, is in small granules. The 
eranules of quartz are much larger and are elongated with the 
foliation. White mica, showing characteristic cleavage, parallel 
extinction, and vivid colours at oblique angles, occurs in crystals 
with sections (normal to the basal plane) whose four sides are about 
equal. Some of it is moulded on rounded granules of quartz, but 
sometimes quartz is moulded on angles of the mica. 

A few inches within the zone, and near where the oblique dip 
abuts on the vertical veining, a band of the granite is sheared into 
a gneiss with thin regular folia, which are strangely contorted into 
almost circular folds an inch or two in diameter. This contortion 
appears to be due to the friction of the rock, during shearing, against 
the less yielding mass in contact with it. Under the microscope (408) 


* The numbers in brackets refer to the slides in my cabinet. 
+ In view of the various senses in which the term “ granulitic” has been used, 
I have throughout this paper refrained from employing it. 
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the folia are seen to consist mainly of alternations of quartz and 
felspar in small granules. 

In the centre of the exposed part of the zone is another band of 
sheared granite (407). This is as much like a true gneiss as it 
can very well be. Seams of quartz, of a coarser grain than 
any of the preceding, alternate with seams of mixed felspar, white 
mica, and finely granular quartz. The felspars, of small size, un- 
striated and a little dirty, are in corroded forms or occasionally 
idiomorphic. The mica is abundant, and is usually in lath-shaped 
sections. 

The changes here described are those commonly observed in the 
conversion of granite into gneiss. Felspar is reconstructed in small 
granules or in crystals, and white mica is produced out of it. Secon- 
dary granular quartz is also formed. 

Diorite on the margin of the shear-zone shows the following cha- 
racters. Hornblende is in large crystals of various shades of green 
and brown. /Pleochroism is fairly strong, especially in sections 
parallel to the base, in which the double system of cleavages is very 
distinct. The sections which are approximately paraliel to the sides 
of the prism show a tendency in the mineral to break up along the 
cleavage-planes, giving the well-known “ reedy” structure. There 
is also some crushing and contortion of the crystals. A little chlo- 
rite is formed from the hornblende. The entire quantity of felspar 
is very small. Some of it shows the twinning of a plagioclose, but 
a large proportion is untwinned. It is mainly replaced by epidote 
and white mica. Spicules of hematite (or limonite) are abundant, 
and often occur in the white mica, lying parallel with the lamelle. 

Five slides (400-404) were taken, a few inches apart, commen- 
cing outside the visible zone, and proceeding to about the middle. 
The following changes were noted :—The hornblende becomes more 
and more “ reedy” and broken up, and in one of the later slides it 
occurs in detached spicules (sections parallel to prism), in minute 
rhombic forms (sections parallel to base) and in various irregular 
fragments. The proportion of hornblende diminishes from about 
one half to one tenth of the slide. The felspar decreases in quan- 
tity till in the last of the series it cannot with certainty be detected, 
and in the last but one it occurs only in a small number of minute 
clear crystals and a few scattered granules which appear to be the 
eroded remains of crystals. It is sometimes striated, sometimes 
not. Its place is taken very largely by white mica. In the first 
slides the mica is seen to be penetrating the felspar from the side or 
wholly enclosed within it, and it shows a progressive increase 
through the series. It appears mostly in lath-shaped sections, whose 
longer axes lie in all directions in the earlier slides ; but in the later 
and more schistose specimens they tend to run with the general 
foliation. As the abundant appearance of white mica in diorite at 
shear-zones is a point of some interest, a diagnosis of this mineral 
from a similar rock-specimen will be given further on (No. 327, 

. 493). 

: ecu occurs in considerable quantity in all the slides. Much 
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of it is in irregular colourless granules, showing high refraction and 
brilliant polarization. Some of this mineral is in larger masses, in 
which can be detected prismatic forms with longitudinal cleavage 
and transverse jointing. Sphene is also present in characteristic 
wedge-like crystals, with very high refraction and a dingy rough- 
ened surface. Much of the epidote seems to have come from the 
hornblende. Chlorite appears in the earlier slides, replacing horn- 
blende. Sometimes it encloses epidote. In the later slides there is 
a little chlorite banded with black mica, and a fair proportion of 
black mica occurs in irregular strings running with the foliation. 

Quartz is not in quantity in the first four slides. It appears in 
granules invading the felspar. In the last slide it is very abundant, 
lying in well-marked folia alternating with the other minerals. 

A careful study of this series shows that, especially in the later 
slides, most of the minerals are of secondary origin. We may 
assume that the breaking-up of the hornblendes into cleavage-prisms 
lying scattered in elongated patches is a secondary mechanical 
effect. Also it will hardly be denied that the chlorite and the 
epidote are the result of decomposition; they appear replacing 
hornblende in the clearest manner. Thus it is common for a part 
of an idiomorphic hornblende-crystal to remain intact while the 
place of the other portion is taken by chlorite enclosing epidote. 

The black mica has apparently been formed from the chlorite. 
It appears, in the more schistose slides, banding chlorite and some- 
times taking its place. Patches of the mica-crystals surround little 
nests of epidote, and the mica is moulded to the angles of the epi- 
dote, just as in the case of the chlorite. This is well seen in one of 
the later slides of the series (Pl. XVI. fig. 6), in which the hornblende 
has greatly decreased and the field is largely occupied by epidote. 
If the epidote is secondary, so is the biotite*. This mica is also 
moulded on fragmental hornblende in the same slide. Further 
evidence of the conversion of chlorite into black mica will be given 
later on. 

The secondary origin of the white mica is very clear. It is 
moulded upon the jagged edges of bent and crushed hornblende- 
crystals, and where the crystals have opened along cleavage-cracks 
mica fills in the opening in the form of wedges. It frequently 
encloses epidote, and in one place it is interlaminated with chlorite. 

Most of the felspar also appears to be secondary. Plagioclase, 
clearly polysynthetic, and unstriated felspar are seen moulded upon 
the projecting angles of broken hornblende-crystals, and enclosing 
the minute prismatic fragments into which the mineral breaks up. 
Felspar is also moulded upon the angles of white mica. This felspar 
is clearer and sometimes in much smaller crystals than that of the 
original diorite, in which the felspar of the soundest rock is usually 
somewhat cloudy. 

The secondary origin of the quartz I need not dwell upon. 


* Prof. Lossen recognizes that ‘‘in granite and gabbro contact-zones ” biotite 
is developed from chlorite derived from augite or hornblende (‘ Nature,’ Sept. 
27th, 1888, p. 528). The production of biotite as a contact-effect in sedimentary 
rocks and in some greenstones is, of course, well known. 


Qed Ges. No, 179, 2M 
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Shear-zone at the south end of Swinyard’s Hill (Fig. 2).— 
This section is seen at the eastern end of the large quarry on the 
road through the hollow between Swinyard’s Hill and Midsummer 
Hill. The face of rock represented is 20 feet in length from south- 
east to north-west. In the lofty and precipitous slope rising 
from it to the north we see granite-veins, several feet in thickness, 
ascending amidst black diorite, and still higher up the ridge the 
granite swells out into masses, one of which furnished me with the 
gradation into muscovite-gneiss described in my last paper*. The 
veins above the quarry decrease in size towards our section, where 
they range between the breadth of a yard or so and the thinness of 


Fig. 2.—Section of Shear-zone at south end of Swinyard’s Hill. 


(Scale 6 feet to 1 inch.) 
NW. S.E. 
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ZONE OF BIOTITE GNEISS With a few granite-veins. 
With numerous granite-veins. 


a wafer. Their number is countless. One large vein (not repre- 
sented) reaches to the top of the low cliff; but the others terminate 
upwards. The thick veins usually give off several branches which 
rise almost vertically in straight narrow tongues ending in a sharp 
point, so as to resemble long spikes. This effect is obviously pro- 
duced by pressure. Some of the thin veins terminate downwards 
also in a point. The veins represented in the figure are drawn 
with approximate accuracy ; but most of the remainder are of such 
extreme tenuity and so closely interlaced that the attempt to copy 
them was abandoned. 

The thin veins of granite frequently differ from the masses and 
larger veins in their greater acidity. In the field-examination of a 
plexus of veins we often see that the thinner ones are partially 
silicified, and sometimes they are converted into pure quartz. The 
nature of the process, as seen under the microscope, will be described 
further on (p. 498). In other cases the enclosing diorite has trans- 
ferred some of its basic matter to the granite, the orthoclase of the 
vein being penetrated to a greater or less distance by crystals of 
striated felspars. 

We return to oursection. The right (south-eastern) end of the 
low vertical face of the rock consists of the “‘ medium-black ” diorite 


* Quart. Journ. Geol. Soc. vol. xliii. p. 528. 
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(No. 1 of my former paper, loc. cit. p. 526), the most abundant variety 
of diorite in the Malvern Hills. It is penetrated irregularly by a few 
eranite-veins. Towards the left, as we face the section, veins of 
granite come in more numerously. Signs of pressure also appear, 
and inerease towards the zone in which the mixed diorite and 
granite are rolled out into a banded micaceous gneiss. The rock 
above the level reached by most of the veins in the sheared part 
is schistose, but much decomposed *. Further back towards the 
unsheared end, where the veins are fewer, sound diorite appears 
within a yard or so of the upward termination of the veins. The 
unsound rock, which here (and frequently elsewhere) forms a 
sort of aureole round a plexus of veins, is largely micaceous and 
chloritic. 

The following series of slides illustrates the transition from diorite 
to mica-gneiss. By the “edge” or “margin” of a shear-zone or 
sheared complex, | merely mean the boundary-line between the 
undoubted gneiss of the zone and the more or less sheared rock 
which graduates up to it. 

Four specimens (273-276) were taken near together from the 
diorite 3 feet from the zone. They consist of about half hornblende 
and half felspar. The crystals of the former rarely present perfect 
forms, being usually rather jagged or corroded at the margin. Some 
have undergone mineral change, having liberated iron-oxide as an 
opaque stain, or being partly converted into chlorite, especially along 
cleavage-planes. Plagioclase can be here and there detected, but 
much of the felspar displays no twinning. In some of the crystals 
are many microliths of a clear transparent mineral, probably white 
mica, and larger patches of white mica. Thereis some cubic iron-ore 
and a little sphene, the latter either free or incrusting ilmenite. Nos. 
274 and 276 are cut respectively from the same hand-specimens as 273 
and 275, at, or near, contact with small granite-veins. They show a 
tendency towards parallelism and aggregation of the constituents. 
This is especially seen in the hornblendes, which here and there occur 
in folia of from half a dozen to a dozen crystals variously orientated. 
Some of the crystals are also much larger than in 273 and 275. In 
respect to parallelism, ageregation, and enlargement, the rock close 
to the veins forms a connecting-link between the ordinary diorite 
and some of the gneissic rocks which follow in the series. 

Nos. 311 and 312, taken 18 inches from the shear-zone, show 
characters similar to those of 274 and 276, with the following 
differences :—The slides are altogether much clearer. The hornblende 
lies in folia of irregular thickness, and the crystals are sometimes 
drawn out in the direction of schistosity. They frequently present 
curvilinear outlines in a very marked degree, and are perforated by 
holes usually occupied by a water-clear mineral. I suppose these 
peculiarities are the result of corrosion: but if they are produced 
during recrystallization under new conditions, the distinction is not 
very material; they do not characterize the unmodified diorite, and 

* This unsoundness, occurring, as it usually does at Malvern, at the most 
critical points, renders it extremely difficult to obtain satisfactory results. 

2m 2 
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must be regarded as the effect of secondary action. This hornblende, 
compared with that of the preceding slides, is darker, brighter, 
clearer, and more strongly pleochroic. Chlorite sometimes appears 
in the cleavage-planes of the hornblende, and increases in quantity 
at some points so as to form nests of rosettes, irregular blotches, or 
patches running with the foliation. Under crossed nicols it gives a 
deep indigo-colour, passing into grey. In one of the slides there is 
a fair quantity of epidote. 

Much of the felspar is clear and sound, and a large proportion of 
it shows the twinning of plagioclase; but some of it has begun to 
break up into an indistinct mosaic, and displays numerous micrcliths 
of a clear mineral (white mica?). It is important to note that 
this felspar is moulded upon all the preceding minerals, and even 
includes shreds of the chlorite and minute fragments of broken 
hornblende-crystals. The chlorite is certainly derived from the 
hornblende, and the distortion and fracture of the hornblende is a 
secondary result produced by pressure subsequent to consolidation, 
since, as I have stated, it is frequently connected with the formation 
of planes of discontinuity. That this felspar is secondary receives 
some confirmation from its clear and fresh appearance. 

The slides contain a small proportion of granular quartz, some of 
which contains liquid-cavities with air-bubbles. 

No, 314 is taken from within a few inches of the veined plexus. 
Much of the hornblende is dragged out in the direction of foliation, 
and the whole of it is more or less dirty and opaque. ‘The opacity is 
apparently due to liberated ferric oxide. Most of the felspar is 
either cloudy or contains countless clear microliths (white mica ?), 
and in some there are patches of white mica. There is also a great 
quantity of finely granular, almost opaque, matter in the felspar. 
It may be epidote or zoisite. Granules of quartz are scattered through 
the slide. 

No. 391. About the same distance from the zone, but a little 
higher up. The hornblende is like the last, but the curvilinear 
outlines may be sometimes made out. The felspar is also similar. 
The proportion of granular quartz is greater. The noteworthy 
feature of the slide is the coming-in of black mica. It occurs in 
elongated flakes several laminze in thickness and pointed at each end. 
They run parallel to the general foliation, often passing through the 
middle of hornblende-crystals, and are occasionally associated with 
a little chlorite. The habit of these flakes is precisely that of the 
chlorite, which forms in the interior of the hornblende, and frequently 
projects beyond it. The felspar is clearly moulded upon the mica, 
and sometimes completely encloses it. 

No. 316 is in contact with the shear-zone. The rock is rather 
more compressed than in the last two shdes. The hornblende is 
similar. It sometimes passes into chlorite, which becomes banded 
here and there with black mica or is entirely replaced by it. 
Sometimes a little opaque flake, probably ferruginized hornblende, 
projects from a bit of hornblende into a patch of chlorite, and just 
round the margin of the flake black mica is formed, showing marked 
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dichroism. ‘The place of the felspar is mainly taken by quartz and 
white mica, the latter of which is much more abundant than the 
biotite. Owing to the progressive development of these micas towards 
one side of the slide, the modified diorite passes into a mica-gneiss. 

No. 313(Pl. XVI. fig. 1) was taken from the edge of a rather large 
eranite-vein, 12 inches from the plexus, to show the effect of the 
granite upon the diorite, even where the compression is not very 
great. The slide includes part of the vein, with a sheath of what 
was once diorite, but is now a sort of kersantite, with a semi- 
eneissic structure due to the laminee of the biotite and the longer 
axes of the felspars being orientated parallel to the margin of the . 
vein. The felspar crystals are like those of the adjoining diorite 
(Nos. 276, 312). Most of them are very cloudy, but some are 
clearly twinned like a plagioclase. The biotite forms a sheath round 
the felspars, and sometimes thickens out into crystals as broad as 
long. Dichroism is strong, the mica being nearly black when the 
stris are parallel to the principal section of the nicol, and clear 
brown when at right angles toit. A little chlorite is banded with it. 
This mica is massed together in linear bundles of larger crystals at 
the contact with the vein. The felspar of the veinis in the usual 
large crystals, which are cloudy and with ill-defined outlines. Some 
plagioclase is present, penetrating the orthoclase from the outside 
irregularly. The quartz sometimes appears running into the felspar 
in little streams which narrow inwards like estuaries. 

No. 319 is from the edge of the plexus, and includes part of a 
granite-vein. ‘The characters are similar to those of the last, with the 
effects of pressure added. ‘The kersantite contains a little white mica 
and, as often happens when this is the case, some chlorite. The 
same kind of kersantite as in No. 813 appears on one side of the 
vein; but on the other the biotite runs together into irregular folia. 
Some of the felspar of the kersantite is replaced by a water-clear 
mineral which polarizes hike quartz, and, in convergent light, shows 
a dark bar which remains straight during rotation of the stage, and 
the sheath of mica often retains its place round these replacements 
of quartz. The felspar-crystals which are only partially replaced 
have curvilinear margins. In other parts of the slide there is a 
tendency to aggregation; biotite, quartz, or felspar occurring in 
patches of a roughly oblong shape. Where the quartz predominates, 
the structure is that of quartzite, a few mica-flakes, with orientation 
parallel to the rest of the mica in the slide, or eroded felspar-crystals, 
being scattered through the ground-mass of irregular quartz- 
granules. But the gradation between the kersantite and the gneis- 
soid quartzite is complete. The changes of the kersantite in this 
slide, as in many others, are towards either biotite-gneiss or gneir- 
soid quartzite. In the former case the mica is aggregated into 
more or less regular folia, and the felspar is partly replaced by 
granular quartz; in the latter the change into quartz is carried 
further, and the mica is almost wanting. There is nothing special 
about the granite-vein, which is irregularly outlined by black mica. 
The orthoclase is penetrated on one side by plagioclase. 
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No. 277 (PL XVI. figs. 2,3) was selected from the core of the plexus 
asa specimen of a sound typical gneiss. Bands of foliated kers- 
antite (fig. 2) alternate in the slide with a granite-vein or two and 
with the quartzitic gneiss (fig. 3)*; but the micaceous material 
graduates into the more quartzose along the strike as well as trans- 
versely. The passage between the kersantite and the quartzose 
gneiss is, indeed, as complete as possible. There isa larger proportion 
of white mica than in No. 317. A part of itis not orientated with 
the biotite ; indeed, some small crystals of it, included im the black 
mica, lie with their lamine almost at right angles to those of the 
biotite. The felspar crystals of the kersantite sometimes coalesce 
into bands alternating with the biotite. Amongst them is a little 
microcline, and as this mineral has not been detected in the normal 
diorite it is probably secondary. 

A vein of granite passing across the slide is of some interest. A 
crystal of the orthoclase has several cracks in it. One of them is 
nearly 7 mm. in length, and is filled up almost to the inner extremity 
with black mica. ‘Two or three smaller ones are similarly occupied. 
It appears to be a highly probable conclusion that this mica was 
injected subsequently to the intrusion and consolidation of the vein, 
since it is continuous with the mica of a seam of kersantite. Further 
information on this head will be given in the section on infiltration 
(p. 496). 

No. 318, from the central part of the zone, is almost a quartzite. 
At the edge of the slide is the foliated kersantite, but the felspar is 
invaded here and there by quartz-granules. The quartz increases in 
quantity towards the other side, so that some parts of the slide 
consist of about three fourths of quartz-granules, and one fourth of 
cloudy felspar with sinuate margins ; a few scraps of biotite, the mere 
tags of the usual flakes, being scattered about. 

The conversion of a diorite into such an acidic rock as a gneissose 
quartzite, improbable as the change may seem, receives support from 
an interesting fact recorded by Professor Zirkel+. He says that 
“quartzite as white as snow is interstratified in the hornblende- 
gneisses at the north end of the Park Range.” The quartz of the 
former contains numerous fluid-inclusions, which “belong to two 
different varieties, some being composed of water with a moving 
bubble, which does not disappear in a temperature above 100° C., 
and others being the double inclusions 7, with carbon dioxide in the 
interior, whose bubble may be driven off by the smoke of a cigar. 
It is remarkable that these inclusions of different chemical nature are 

associated also in the quartzes of the accompanying gneisses, a fact 
which may perhaps prove that the nearest geological connection exists 
-between the two rocks, and that in origin they arethe same.” The 
two kinds of rock referred to by Prof. Zirkel are not much more widely 
different than the two extremes of the series I have just deseribed. 


* This figure does not show the extreme of acidification, but was selected 
because it retained remains of the kersantite structure. 

t ‘ Microscopical Petrography,’ Washington, 1876, p. 53. 

t Described on pp. 18. 19, consisting of an outer solid zone, distinct from the 
matrix, containing liquid carbon-dioxde. 
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The two shear-zones of which I have here given an account may be 
taken as types. In the former the production of white mica in the 
soda-lime felspar is perhaps the most prominent character ; in the 
latter the conversion of hornblende into biotite is the most striking 
feature. The reconstruction of plagioclase and the generation of 
eranular quartz is seen in both. These veined complexes give us 
the ‘ injection-schists ”’ of my former paper (p. 532). 

Tam not prepared to explain why the schistosity of the Malvern 
region is zonal; but I think the frequency with which a shear-zone 
coincides with a veined complex can hardly be accident. Though 
there is shearing in granite only, and in diorite only, it is more 
common where the diorite is interlaced with veins, especially small 
veins. Shearing would, of course, occur at weak places in the crust, 
and it would seem that a veined complex should more readily yield 
to pressure than a homogeneous mass ; or both veining and shearing 
may be results of an original weakness. 

Parallelism in the arrangement of minerals without regional 
pressure has been noticed by previous writers. Thus, in sedimentary 
rocks altered at their contact with granite-veins there is sometimes 
a production of minerals in lines parallel to the margins of the veins. 
We have seen this principle illuscrated in Nos. 274 and 276, and 
similar examples frequently occur at Malvern. But this cause is 
only of local effect, and it cannot account for the general schistosity 
of the Malvern rocks. 

The phenomena here described from two localities are common 
throughout the Malvern Hills. The most obvious fact observable in 
the field is the production of the biotite. Granite-veins, if of large 
size, that is, 6 inches or more in diameter, are often surrounded by 
a sheath of kersantite two or more inches in thickness. Indeed, so 
uniform is the effect of the contact that the vicinity of veins may 
usually be safely inferred from the appearance of biotite in the 
diorite. Thin granite-veins, unless very numerous and close to- 
gether, or accompanied by shearing, do not always produce biotite ; 
they may give rise merely to decomposition without subsequent 
syntbesis. If the veins are abundant or large, the chlorite nearest 
the granite is banded with black mica, or is entirely replaced by 
it. Lam not satisfied that hornblende in this district is ever con- 
verted into biotite directly. 

Shearing has greatly intensified the metamorphic effects of the 
granitic intrusions. The production of biotite at shear-planes may 
only in part result directly from mechanical energy. ‘The shear- 
planes would certainly permit the infiltration of mineral solutions, 
and these might of course give rise to chemical reactions. But some 
direct proof of the infiltration of mineral matter will be given further 
on (p. 496). 


2. Further Mineral Changes: White Mica from Brotite and from 
Chlorite ; Garnets and Zoisite ; Sphene ; Actinolite ; Hematite ; 
Calcite. 


White Mica from Biotite.—This change has been noticed by writers 
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from Bischof downwards. In ordinary decomposition, the biotite 
usually passes into chlorite, but such an alteration would be obviously 
impossible in the environment in which the biotite has been produced, 
and any mineral change must be in another direction. There are 
frequent indications in the Malvern Hills of the conversion of biotite 
into white mica. The evidence is of two kinds. In some slides, in 
which seams of chlorite alternate with other minerals, chiefly felspar 
and quartz, and where the shearing increases in intensity towards 
one side, the chlorite is represented in the intermediate zone by 
biotite, and in the most schistose seams by white mica. These slides 
will be more fully noticed in the next section. Again, black mica 
appears to pass into white mica in the same crystalline form. The 
crystals observed were cut normal to the basal plane and were lath- 
shaped. One half or so of the length of the lath was brown, with 
strong dichroism ; the other transparent, without pleochroism, and 
polarizing in bright colours of the first and second orders. Yet the 
margin of the lath-section vas bounded by parallel straight lines, 
the parallel cleavages passed uninterruptedly from end to end of 
the section, and both micas extinguished simultaneously. It would 
appear more probable that we have here a case of alteration than of 
simultaneous crystallization. The change from biotite to white mica 
is associated with the intrusion of granite-veins, as noticed by 
MM. Fouqué and Lévy *. 

White Mica from Chlorite—This transformation was an unex- 
pected one ; but the changes from chlorite to biotite, and from biotite 
to white mica, remove a great part of the antecedent improbability. 
The facts here described were observed at the Ragged Stone Hill. 
In a certain stage of metamorphism we get a schisty rock, mainly 
consisting of chlorite alternating with fragments of broken crystals 
of triclinic felspar. This schist 1s penetrated by granite-veins. How 
this rock was produced does not concern us in the present paper. 
Following the field-section in one direction, a progressive change is 
seen; the rock becomes more and more schistose, and in the advanced 
stage the foliation surfaces glisten with films of mica, and sometimes 
there is great contortion. The felspar fragments in this stage are 
sometimes intact, but they are often replaced by a colourless, trans- 
parent, rather highly refractive mineral, which I have not yet fully 
studied, and by minute water-clear granules with the polarization of 
quartz, and some of them at least are uniaxial. The felspar is thus 
mostly accounted for. The chlorite sometimes passes into black mica, 
as stated in the preceding section ; but where the shearing, as evi- 
denced by increased schistosity and by the distortion of calcite-veins, 
is very great, the change is directly into white mica. In one slide 
(303) the chlorite is largely represented by biotite, which towards 
one side, where the schistosityis greater, passes into bundles of a white 
mica (sericite ?), with included opaque lines (iron-oxide ?) running in 
the same direction as the films. Within a few inches, the rock is 
wholly schistose, with glistening mica-surfaces. Very little biotite is 
present, but there is an abundance of white mica in patches of undu- 

* Minéralogie Micrographique, p. 339. 
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lating sericitic bundles thickest inthe middle. Its colours of polari- 
zation are clear and vivid, not in uniform sheets, but with a rather 
blotchy aspect, except when the fibres or lamine are distinctly defined. 
This mica is associated with chlorite. The latter sometimes occurs 
in small isolated patches ; but a large proportion of it surrounds the 
mica-bundles, and lies within them, sometimes in irregular blotches. 
The chlorite of some of these blotches gradually passes into the 
non-fibrous part of the mica. By plain light the green colour of 
the former is seen to be densest in the middle of the blotch, and it 
shades off into the transparency of the enclosing mica. Under 
crossed nicols the chlorite is of a mottled black colour in the centre, 
and it graduates outwardly into a grey, which shades through white, 
orange, and red into the blues and greens of the second order. The 
nucleus of the chlorite-blotch remains dark during an entire rotation 
of the stage, the mica extinguishing as its fibres are brought into 
parallelism with the axis of a nicol. A large quantity of opaque 
matter in irregular angular particles is enclosed in both chlorite 
and mica, and is probably part of the iron-oxide liberated in the 
general metamorphosis. ‘The fine lines in the white mica probably 
also indicate liberation of iron. 

Other slides from the same band of rock show a more complete 
change, the mica being in still greater proportion and the chlorite 
being nearly or entirely absent. Jam unable to explain the facts 
here described except on the supposition that the mica has been 
formed from the chlorite. 

The possibility that the mineral which I have described as mica 
was tale at first occurred to me; but two analyses of this schist, 
kindly made for me under the direction of Dr. G. H. Bailey, of Owens 
College, Manchester, giving respectively only 1°29 and 0°35 per cent. 
of magnesia, forbid the supposition. 

Garnets and Zoisite—Garnets are not common at Malvern, as 
only three or four slides in my collection contain them in noticeable 
quantity. No. 357 is from the crest of Swinyard’s Hill, south of 
the summit. It is modified kersantite with two parallel granite- 
veins included. At one side of the slide is a highly quartzose vein, 
only a few shreds of curvilinear felspar remaining, and the second 
vein, which is at the opposite side, is entirely of quartz. The inter- 
mediate foliated kersantite becomes progressively quartzose towards 
the latter. At first it contains little quartz, then the felspar is more 
and more replaced by quartz, till, in some parts of the slide, the 
quartz is to the felspar and mica in the proportion of five or six to one. 
At the contact with the quartz-vein the felspar is rather more 
abundant. In the more quartzose, and presumably the more altered, 
parts, there is less black mica than usual, and garnets appear ; they 
are also abundant round the margin of the quartz-vein. They are 
of small size, the largest being not more than 02 mm. in diameter, 
mostly in single or compound granules of irregular form, translucent 
or rather cloudy, showing strong refraction, and, between crossed 
nicols, remaining dark during an entire rotation of the stage. 

No. 396 is from another part of the same mass. A part of the 
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slide has a structure resembling modified kersantite ; but both biotite 
and felspar have nearly disappeared, and the rock is mainly composed 
of granular quartz, with scattered zoisite, replacing felspar, and 
garnet, possibly representing the mica. The mineral which I take 
to be zoisite is in irregular translucent granules, and its refraction 
being high, it resembles a garnet in plain light; but under crossed 
nicols it polarizes rather faintly in shades of indigo, passing through 
grey and white to yellow. 

No. 417, from the Wych, is crushed granite with infiltrated 
chlorite. There are numerous garnets, some of which are traversed 
by irregular fissures filled with chlorite. Most of them are immersed 
in chlorite ; but a small proportion of them are enclosed in felspar. 

In the above slides, garnets, as well as the zoisite, appear to be 
the result of secondary action ; for in the earlier slides they are seen 
only in the most highly altered diorite, and in the last they would 
appear either to have been introduced with the infiltrated chlorite or 
subsequently formed out of it. There has evidently been some recon- 
struction of the felspar of the granite after the garnets were formed. 

Llmenite and Sphene-—My. Teall called my attention to the 
association of sphene with some of the iron-ore of Malvern. I 
followed out this hint through 50 or 60 slides, with some interesting 
results. The ore (ilmenite) sometimes shows rhombohedral forms, 
simple or twinned, but is more frequently in irregular granules. 
It is very often incrusted with a whitish, finely granular substance 
(leucoxene); but as the rock (diorite) undergoes progressive alter- 
ation, the leucoxene becomes more coarsely crystalline, minute 
sphenoid forms appearing in the granular crust and increasing in 
size, till we are able to distinguish the high refraction and double 
refraction of sphene. These observations thus confirm the opinion 
of MM. Fouqué and Lévy * that the incrusting leucoxene is a form 
of sphene. As the sphene increases in quantity in the altered 
diorite, the ilmenite diminishes, until in some cases it is represented 
by a cluster of granules or crystals of sphene, with a little opacite. 
It is not asserted that all the free sphenue is formed from ilmenite. 
Very commonly, slender sphene-crystals, clearly derived from asso-. 
ciated iron-ore (835), le in the cleavage-planes of chlorite. In 
an advanced stage of the metamorphism of diorite, when the rock 
has become micaceous (333), the cleavages of the mica, and the 
planes of junction between separate crystals of mica, are often oceu- 
pied by dark lines, which, on examination with a high power, are 
seen to be acicular or vermicular microliths of a colourless aniso- 
tropic mineral with black margins, as if bighly refracting, and some- 
times crossed by dark lines, like jointing. It can hardly be doubted 
that this mineral is sphene. 

The history of this sphene tends to confirm the evidence for the 
secondary origin of the black mica. Much of the sphene is certainly 
formed from ilmenite T, and the position it occupies in the cleavage- 

* Minéralogie Micrographique, 1879, p. 426. 
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CRYSTALLINE ROCKS OF THE MALVERN HILLS. 491 


planes of the chlorite and the mica points to the secondary origin of 
both of these minerals. If, on the other hand, the mica is an 
original product, we seem driven to reverse the series of changes, 
aud to conclude that the sphene of the mica, and subsequently of 
the chlorite, is changed to ilmenite and enclosed in hornblende, for 
the granular leucoxene, with its nucleus of ore, is often more or 
less surrounded by that mineral. 

Actinolite.—Near the summit of the Ragged Stone Hill is a rock 
which Mr. Teall considers* ‘identical with many Cornish epi- 
diorites,” such as have been described by Mr. Allport, Mr. J. A. 
Phillips, and more recently by himself. Three specimens were 
taken along a line parallel with an adjacent felsite-dyke. One 
slide (343) contains uralite, actinolite, epidote, and felspar. The 
uralite rarely presents the true form of augite, but is usually in 
irregularly tabular sections with rounded angles. It is feebly 
pleochroic. It shades off, often in the same crystal, into acicular 
actinolite, which entirely replaces it in some parts of the slide. 
The epidote is in numerous highly polarizing granules. The felspar 
is tolerably clear, displaying no twinning, and merely filling in 
spaces between the other minerals, often enclosing spicules of 
actinolite and grains of epidote. It is obviously secondary, as ob- 
served by Mr. Teall ¢ with reference to a similar rock near Tavistock. 

A second specimen (342), a few feet to the north in the same 
mass, is almost exclusively composed of actinolite and felspar in 
about equal proportions. It is semi-schistose, this structure being 
due to a rough parallelism of the spicules of actinolite, which often 
coimeide in direction with irregular undulating lines of fracture 
(shear-planes). Some of the felspar is in elongated prisms and 
shows polysynthetic twinning. 

A tew feet further to the north, and continuous on the strike 
with the last-named rock, is a narrow band of a green schist (545), 
enclosed between two bands of felsite. It is more distinctly schis- 
tose under the microscope than the last, and the green mineral, 
which is apparently actinolite (see Dr. Patton’s note, p. 494), is not 
so distinctly acicular, but runs in irregular strings. The felspar 
shows no twinning, and some quartz appears to be present. We 
have here, as in many of the preceding cases, the combined effect of 
contact and shearing. 

Hematite occurs most frequently in the coarse grey diorite, and 
is usually enclosed in the chlorite formed from hornblende. It is 
often associated with ilmenite and leucoxene in such a way as to 
suggest that 1t sometimes results from the alteration of the former. 
It appears in bright red blotches or in lath-shaped sections, orien- 
tated with the cleavage of the chlorite or biotite. 

Calcote is frequent in altered diorite, and in the schists which 
result from further metamorphic action. It is a decomposition 
product of both hornblende and felspar. 

Apatite and Magnetite are often noticed in Mr. Rutiey’s paper on 


* In literis. t Brit. Petrogr. p. 235. t Ibid. p. 235. 
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the Malvern rocks ; but I have not been able to find that they have 
any material bearing on my inquiry. Some of the latter is probably 
secondary, but a part of it is apparently original. 


3. Descriptive Notes on some of the Minerals by Dr. H. B. Patton. 


I am permitted to use these notes at my discretion. I have 
strictly confined myself to the descriptive matter of Dr. Patton’s 
letters, but I have added such remarks as are necessary to connect 
his observations with my line of inquiry. The extracts will be 
indicated by inverted commas. 

Passage from diorite (medium black) to muscovite chlorite-gneiss 
(Nos. 325, 326, 327). The specimens are from a quarry on the old 
road. below the Wych, on the east side. The diorite is interlaced 
with a few large granite-veins. The slides are taken in order; 325 
being 12 inches from a thick vein, 326 and 327 within 3 inches. 

“ No. 325. A compact rock, showing no trace of schistosity, with 
the structure and composition of a diorite. The principal mineral, 
forming about half the mass, is hornblende, showing little tendency 
to idiomorphic forms. Here and there, however, we can recognize 
the faces 00 P=(110) and «© Po =(010). The outlines are irregular, 
wavy, and jaggy, as is generally the case with diorite-hornblende. 
The ends are often ravelled out into a fringe of needles. It possesses 
the cleavage-characteristics of hornblende, and also the high index 
of refraction and moderate interference-colours. It is mostly fresh, 
or, at most, changed along the cleavage-planes to little scales of 
chlorite. 

‘Feldspar is very much decomposed, mostly to very small, irregular, 
nearly colourless grains, possessing the very high refractive powers 
and the brilliant interference-colours of epidote. The original 
plagioclase-twinning has totally disappeared. 

“Quartz in rounded grains is very abundant, and easily recog- 
nized by its clear colour. 

“ Biotite is apparently wanting, but a few scales, showing the 
properties of the muscovite in No. 327, are scattered about. 

‘Grains of magnetite or possibly ilmenite are scattered abun- 
dantly through the slide. They are often associated with grains of 
great refractive powers resembling sphene. 

‘¢ No. 326. This rock has a similar composition to 325, but a 
schistose structure has been impressed upon it by the drawing-out 
of the hornblende and, to a still greater degree, of the chlorite. The 
latter appears to have been formed at the expense of the hornblende, 
occasionally almost totally replacing it. The chlorite is positive in 
character, and is easily recognized by its low interference-colours as 
well as by the characteristic pleochroism, the rays vibrating 
parallel to the cleavage being green, and those at right angles to 
the same yellow or reddish to colourless. It is deposited along the 
cleavage-planes of the hornblende. 

« Feldspar, asin 325, is very much decomposed, being changed to 
small grains ... . of epidote. 
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“¢On one side of the slide are many little scales of a colourless 
mineral showing same characteristics as are seen and described 
in 327. 

‘¢ When the schistose structure is plainest, the chlorite appears 
banded with lamell of biotite, which are recognized both by strong 
pleochroism and by the very high interference-colours. The horn- 
blende has almost entirely disappeared. 

“ Quartz is apparently wanting. Calcite is present in scattered 

rains. 
: *¢ No. 327. Hornblende has almost totally disappeared, only small 
fragments being left surrounded by chlorite. ‘The latter is very 
abundant, and by the parallel arrangement of the plates gives an 
eminently schistose structure to the rock. | 

“¢ Biotite is scarcely noticeable, while the muscoVite, noted sparsely 
in 325, and frequently in 326, is here very abundant. It is negative, 
the axis of greatest elasticity being at right angles to the cleavage. 
It is not attacked by hydrochloric acid. The very minute scales, 
isolated from rock-powder by means of the heavy solution of iodide 
of mercury and iodide of potassium, give upon the cleavage-faces in 
convergent polarized light a vertical negative bisectrix with mode- 
rate axial angle, such as muscovite generally shows. ‘The size 
of the axial angle excludes tale. Feldspar is apparently entirely 
changed into a very fine mass of epidote grains. Calcite, as in the 
last, occurs in scattered grains. The rock effervesces with hydro- 
chloric acid. Reddish scales of iron-oxide and grains of magnetite 
or ilmenite are abundant. The last are generally surrounded by a 
zone of titanite. 

“The above-mentioned muscovite never shows a tendency to be 
intergrown with chlorite as is the case with biotite.” 

The series just described was selected to show in a compact form 
some of the changes produced at an igneous complex, but there is 
no good shear-zone here, and the metamorphism has not been 
carried to a very advanced stage. 

No. 328, from the ridge north of the Wych, shows the same 
variety of diorite penetrated by a few minute granite-veins, three of 
which appear in the slide. It was selected to illustrate the fact 
that the degree of metamorphism bears some proportion to the 
number and size of the granite-veins plus the amount of shearing. 
Here the forces are acting with comparative feebleness, and the 
result is some decomposition, but little recomposition. 

One side of the slide is diorite, which “ shows a less degree of 
change in structure and composition than any of the foregoing 
(825-327). The twinning of the plagioclase is easily recognizable, 
and the hornblende is tolerably fresh and unaltered.” ‘ Quartz 
has been developed in considerable quantities. It is apparently 
secondary in origin. Feldspar is partly changed to epidote.” ‘ At 
the junction of this band with the granite-veins, the diorite is 
sheared, and at the same time much decomposed. MHornblende is 
replaced. by chlorite. Larger crystals of epidote are developed at 
the junction with columnar form. In addition to the above-men- 
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tioned properties, we can notice that the axial plane is at right 
angles to the longest axis, and that the extinction is parallel or at 
right angles to the same. The other diorite-bands partake of the 
nature of this sheared portion in that they show much chlorite and 
epidote, the former occasionally interlaminated with black mica.” 

Identification of the actinolite (?) in the green schist near the 
summit of Ragged Stone Hill:— 

‘“‘ T think this is actinolite on account of the following properties :— 
Pleochroism marked green-yellow, with the least absorption at right 
angles to the longer axis of the crystals. The longer axis is also 
axis of least elasticity. The mineral shows further moderately 
high index of refraction (judging from the roughness of the surface) 
and double refraction.” 


4. Exogenous Origin of the Granite-veins. 


It is of the first importance to determine whether the veins are 
segregatory or intrusive. That they are coarse-grained compounds 
of orthoclase and quartz would rather suggest an endogenous origin ; 
but the following evidence seems to establish their intrusive 
character. 

a. They appear as Apophyses from large masses—We have seen 
that at the southern end of Swinyard’s Hill the plexus of veins in 
the shear-zone is in close proximity with the larger veins which 
penetrate the diorite in the unsheared rock above, and these large 
veins are succeeded at a short distance by masses several yards in 
breadth. Many smaller veins occur amongst the masses, and both 
veins and masses are occasionally sheared into gneiss. Similar 
granite is found at intervals along the ridge, and towards its nor- 
thern end the granite swells out into a mass extending along the 
axis for several hundred yards. There is no reason for believing 
that the veins have a different origin from the masses, and it is not 
easy to believe that the latter have been formed by segregation. 

b. They have the same Texture mm different kinds of Diorite.—The 
same granite is found in the two chief kinds of diorite. It is the 
same large-grained binary compound when enclosed in the coarse 
diorite of the North Hill and Worcestershire Beacon as in the fine- 
grained black variety of Wind’s Point and Swinyard’s Hill. We 
should hardly expect a granite or pegmatite of the same texture to 
be segregated from magmas, one of which is (roughly speaking) 
three times as coarse as the other. 

c. They produce Contact-effects similar to those of intrusive Vens.-— 
The action of granite-masses on diorite in contact has been described 
by Dr. Ch. Barrois. The following are the chief effects noticed by 
him * ;— 

(1) Abundance of quartz in large distinct irregular grains. 

(2) Much alteration of the crystals of felspar, which are filled 
with quartz-granules, and epigenized by calcite. 


* Le Granite de Rostrenen, p. 104. 
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(3) Uniform distribution of black mica, which he regards as of 
secondary origin. 

Dr. Barrois, in answer to my inquiry, informs me that the quartz- 
granules occur also in the hornblende. These changes are strikingly 
similar to those produced under like conditions at Malvern. 

I have investigated contact-effects on material from my Galway 
collection. Six slides were cut; they are from the fringe of the 
great mass of granite north of Galway Bay, where the granite sends 
veins into the diorite. In a previous paper * I have shown that the 
granite was injected into the diorite along the joints. All the 
specimens are from the actual contact, and contain both granite and 
diorite. 

Four slides are from the summit of Lettershinna, where there are 
no marked signs of pressure. The following are the characters 
noticed in all :— 

(1) The hornblende of the diorite nearest the granite is more or 
less perforated, and the margins are cut into sinuate or dentate 
outlines, ‘The mineral in the holes and in contact with the irregular 
margin is often water-clear. In a few cases it shows the twinning 
of plagioclase. 

(2) Near the granite, the place of the hornblende is often taken 
by chlorite. It is pale green, slightly pleochroic, and of a deep 
indigo-colour under crossed nicols. 

(3) The chlorite contains some granules of a colourless, highly 
refracting, brightly polarizing mineral, probably epidote. 

(4) Very rarely, the chlorite is interbanded with a brown mineral, 
which has the appearance and dichroism of biotite. 

A specimen from the summit of Knockseefin displays signs of 
pressure. ‘The hornblende is aggregated into irregular undulating 
folia lying roughly parallel to the line of junction. Some of the 
erystals are dragged out in the same direction. Perforation is 
common. At the junction, the hornblende passes into chlorite, 
occasionally banded with well-marked biotite and containing some 
epidote. 

The sixth slide is from the south of Glendalough. The rock, in 
hand-specimens, shows a rough foliation. The hornblende of the 
diorite is not much modified, basal and prismatic sections being well 
shown, but it displays a tendency towards linear aggregation. 
Along the line of junction with the granite lies a band of biotite 
continuous across the slide. It is in part in contact with the vein, 
but in places it winds in and out amongst the hornblendes and 
felspars of the diorite. It is a sort of felt-work of small crystals, 
lath-shaped in section, averaging 0°25 millim. in breadth, lying with 
their longer axes in all directions. The dichroism is moderately strong. 
Similar mica and some epidote also appear in the adjacent granite, 
the former arranged with an imperfect approach to foliation. The 
granite consists of quartz and plagioclase, the latter very clear and 
well-twinned, both quartz and felspar being moulded upon or in- 
cluding the mica and epidote. There would appear to have been 


* Quart. Journ. Geol. Soe. vol. xliii. p, 519. 
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mineral rearrangement in the granite, as well as in the diorite, 
arising out of the mutual interaction of the ingredients of the two 
kinds of rock. 

The effects here described are very similar to those seen at 
Malvern. ‘They are briefly the production in the diorite of (1) 
allotriomorphic hornblende, (2) chlorite and epidote, (3) black mica, 
especially when the rock has been compressed, (4) linear aggregation 
in the hornblende and mica. 


5. Mineral Aggregation and Enlargement. 


Ageregation as the result of contact-action was noticed by Mr. 8S. 
Allport * in 1876. The slate near the Land’s-End granite is altered 
to mica-schist, and in places the quartz and the mica are aggregated 
into spheroidal and elliptical nodules. Prof. Bonney + states that 
in Brittany the granitic intrusions produce an enlargement of 
minerals in detrital rocks. Dr. Sorby and others have made similar 
observations. Both aggregation and enlargement are not unfrequent 
at the junction of granite-veins in the Malvern district. In a speci- 
men (322, Pl. XVI. fig. 4) from Swinyard’s Hill, in which a narrow 
vein of granite is enclosed in foliated black diorite, the hornblende 
is massed together at the Junction in crystals, which are enormous 
compared with the average of size in this variety of diorite. One of 
them shows a prismatic section 6 millim. in length (the average 
length not exceeding 1 millim), and within it is enclosed a crystal 
of plagioclase. Similar effects may be seen in a biotite-gneiss north 
of the Wych. Even in hand-specimens, small granite-veins, 4 or 5 
millim. thick, are surrounded by an aureole of black mica in large 
plates. Under the microscope (396) the large crystallization of 
the mica (Pl. XVI. fig. 5) is very well marked. 

We have seen that aggregation is a common effect in gneiss- 
formation, the mica and the felspar of the kersantite respectively 
separating from each other and forming alternating bands, and the 
newly formed quartz coalescing into clusters of granules. How far 
the gneissic structure results from contact-action and how far from 
pressure will not be easy to determine. 


6. Introduction of new Minerals by Infiltration. 


The infiltration of the mineral which is now biotite is suggested 
by some of the preceding specimens (example, No. 277), but it is 
clearly shown in the following slides from a shear-zone situated a 
hundred yards or so to the south of the Wych. The first four are 
taken in the order of their occurrence, the extremes of the series 
being within one foot of each other. 

No. 349. Medium black diorite with rough parallelism. Horn- 
blende drawn out at shear-planes and somewhat corroded. De- 
composition has commenced, some chlorite, epidote, and opacite 


* Quart. Journ. Geol. Soe. vol. xxxii. p. 409. 
t Ibid, vol. xliv. p. 15. 
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(iron-oxide?) being formed. The felspar contains a little white 
mica. Ilmenite and sphene are present. 

No. 350. Idem. Crushing and decomposition carried further. 
Much opaque matter in the shear-planes. A great deal of chlorite 
in patches and parallel strings. Numerous microliths of a highly 
refracting mineral (sphene ?). 

No. 351. Granite crushed into a mass of wedge-hke fragments. 
The principal cracks, which are roughly parallel, as well as numerous 
transverse fractures, are filled with minerals, of which chlorite and 
ferrite are by far the most abundant. Here and there in the 
chlorite are patches of biotite, which sometimes surround nuclei 
of ferrite. Microliths of the sphene (?) are also immersed in the 
chlorite. 

No. 352. Granite partially transformed into gneiss. The slide 
is much clearer, apparently because of a certain amount of recon- 
struction. The wedges of felspar and quartz are much longer and 
thinner, and many of the cracks are healed up.. There is still some 
chlorite in the cracks, with black mica and sphene(?) as before. I 
cannot resist the conclusion that the minerals in the cracks have 
been introduced from without, and that the biotite has been formed 
out of the chlorite. ‘This rock passes gradatim into a thoroughly 
foliated gneiss (416). 

That the chlorite and ferrite are not formed out of the granite is 
further evident from slides taken from the same junction of diorite 
and granite at a few feet from the last set. No. 409 1s from the 
diorite close to the junction. The hornblende is decomposed mainly 
to epidote and chlorite, but the former is in exceptionally large 
proportion, occupying about one fourth of the slide. It is in small, 
brightly polarizing granules. Two slides (410, 411) are from the 
crushed granite within a few inches of the last. In No. 410 there 
are some small grains of similar epidote scattered here and there in 
the cracks ; but in No. 411 the epidote is more abundant, filling in 
two cracks running parallel to the foliation, one of which opens out 
to the breadth of nearly 1°5 millim. In this vein the epidote is 
crystallized in prisms, sometimes with their pyramidal ends pro- 
jecting into a water-clear mineral, apparently quartz, which has 
filled in the rest of the vein. 

It is thus seen that where chlorite is most abundant in the de- 
composed diorite, chlorite is also the mineral predominating in the 
eracks of the adjacent granite, but that where epidote is most con-. 
spicuous in the former, it is also common in the latter. Irrespective 
of these coincidences, it is surely incredible that chlorite and epidote 
should be formed out of quartz and a potash-felspar. 

This infiltration-gneiss forms the ridge for a hundred yards or so. 
Here and there we see in it lenticular flakes of granite, some of 
which are several inches thick. Sometimes they are elongated intc 
narrow cakes. At first sight they might be taken for veins ; but I 
am persuaded they are merely residua from the shearing process, 
representing on a larger scale the flattened crystals of an augen- 
gneiss. It is not difficult to distinguish these residual flakes from 
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true veins. The latter in the Malvern district are always different 
in mineral composition from the encasing rock, but the flakes, 
allowing for their greater thickness, are mineralogically identical 
with the thinly sheared granite surrounding them. This gneiss 
differs, of course, from the variety produced by the simple shearing 
of granite by the presence of chlorite, biotite, and other minerals 
at the shear-planes. 


IT. Cuemicat ConsiDERATIONS. 


The conversion of diorite into a highly quartzose or micaceous 
rock inyolves profound chemical changes. It will be well to trace 
the most important of these. 

The removal of bases comes first in order. I have already alluded 
to the silicification, partial or complete, of granite-veins. The 
change is most marked in those of small size. Under the microscope 
the process of alteration becomes apparent. The felspar is seen to 
be invaded by quartz, which runs up into the crystals in streams 
broadening outwards like estuaries. This quartz is in granules, 
polarizing in a mosaic of colours. Sometimes the quartz appears 
dotted here and there in the felspar in single granules or small 
clusters of granules, but these are probably the transverse sections 
of the streams. There is also replacement by quartz in some of 
the felspar of the kersantite, the invasion of the quartz at the 
margin of the felspars giving to the latter a sinuate or dentate 
outline, and the corrosion often goes on till the crystal is destroyed. 
Perforation occurs also in the case ot hornblende and black mica, so 
that crystals appear riddled with holes, and in some cases they are 
reduced to shreds. These corroded remnants are usually immersed 
in a translucent mineral, which is frequently quartz *. 

A partial account may be given of the bases liberated by the 
separation of silica. The lime of both hornblende and soda-lime 
felspar appears in epidote, that of some of the felspar in zoisite, and 
that of some of the hornblende possibly in sphene ; but the abundance 
of free calcite in some of the more altered rocks shows that much 
of the lime must have percolated in solution through the crust as 
carbonate. The iron of the decomposed hornblende is readily 
accounted for by the epidote, chlorite, biotite, and ferrite. The 
magnesia reappears in chlorite and biotite. Alumina, of course, 
occurs in most of the above alteration-minerals, in the white mica, 
and the garnets. 

The chemical energy resulting in the removal of the heavy bases 
must have been accompanied by the liberation of compounds of the 
alkalies. These, as carbonates or silicates, could readily have been 
carried in solution from place to place. 

There has been interchange of alkaline bases between the acidic 
and the basicrocks. The Rey. J. H. Timins7 stated more than 20 


* The constituents of the granular rocks of Malvern are often too small for 
the determination of the axial characters. 
Tt Quart. Journ. Geol. Soe. yol. xxi. p. 85. 
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years ago that the potash in the orthoclase of the Malvern granite 
had been partially replaced by soda. The following analyses by 
Mr. J. H. Player*, F.G.S., tend to confirm this statement. ‘The 
alkalies only are here given :— 

Soda. Potash. 


A. “ Quartz-felspar, Malvern, North Hill” ..............: 37 4°9 
B. ‘“ Quartz-felspar, Malvern, coarse graphic texture”... 1:9 FEL 
C. “ Quartz-felspar, Malvern, red rock, fine-grained”... 2°6 4-0 


This ‘‘ quartz-felspar ” is undoubtedly the ordinary granite of the 
district. The proportion of soda in (B) is about normal, but in the 
other two examples there has been a gain of soda and a loss of 
potash. 

We have seen that in the vicinity of granite-veins, one of two 
changes is ordinarily seen in diorite, either chlorite is converted 
into black mica, or white mica appears in the place of soda-lime 
felspar}. Potash must therefore have been taken up. Two 
analyses of diorite, kindly furnished me in MS. by Mr. Player, con- 
firm the evidence of the microscope. I am able to identify the 
varieties from slides sent by Mr. Player. D is a typical coarse 
grey diorite with plenty of hornblende. E is the medium black 
variety, and has undergone partial metamorphism, a narrow seam 
of biotite-gneiss running across the middle of the slide. 

Soda. Potash. 


Deco piorite, Malvern, North Hall? (.e.ccl.ctesseyeacs sess 2°3 4°3 
E. ‘Basic rock, Malvern ”’ 2:2 oi 


The chemical processes described in this paper are in harmony 
with what is known of mineral changes. On the whole they illus- 
trate a transition from the unstable to the stable. Stability is, of 
course, relative to environment, so that biotite in the presence of 
solutions of potash may be as stable as chlorite in their absence. 
The unstable minerals, hornblende, augite, potash-felspar, and soda- 
lime felspars, forming the bulk of the igneous rocks, are, in the 
schists, replaced by quartz and white mica, black mica, epidote, 
chlorite, garnets, actinolite. iron-oxides, calcite, and natrolite t. 
It seems probable that the only original minerals are apatite, horn- 
blende, and augite, with part of the quartz, felspars, and iron-ores. 
The capital facts to be noted are the secondary origin of all the 
micas, the abundant generation of quartz, and the reconstruction of 
felspar. 


III. Temperatures or MrramorpnHism. 


The facts adduced seem to prove that the metamorphism has to a 
large degree taken place in rocks already consolidated. Whether 
in granite or diorite the foliation is connected with a shearing- 


* British Association Report, 1886. 

+ From the frequent appearance of untwinned felspar in diorite near granite- 
velus it would appear probable that plagioclase passes into muscovite through 
the intermediate form of orthoclase ; but further inquiry is needed. 

t Rutley, Quart. Journ. Geol. Soe. vol. xlii. p. 501. 
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movement, by which minerals are distorted and broken, and rock 
in the mass is sliced by countless planes of infiltration. As Mr. 
Mellard Reade* contends, following M. Tresca, solid rock under 
enormous pressure is compelled to flow. In this case, the pressure 
must have been approximately horizontal, and, the flow being 
normal to the direction of pressure, the dips of the foliaticn are 
usually at very high angles. | 

But where we find an ordinary massive diorite with cloudy felspar, 
passing insensibly into a rock in which allotriomorphic hornblende, 
ageregated into seams, alternates with transparent clearly twinned 
felspar, which is completely moulded to the curvilinear margins of 
the modified hornblende, to the angles of cleavage-fragments of the 
same mineral, and to the contours of decomposition-products, such 
as chlorite and epidote, we are driven to conclude that the mechanical 
cause has operated in conjunction with an actual fusion or solution 
of some of the constituents. Or take the production of a sound 
eneiss out of a mass of crushed granite containing infiltrated decom- 
position-products. Much of the orthoclase is reconstructed in 
small crystals or in granules, secondary granular quartzis generated, 
most of the opaque matter in the cracks is chemically absorbed, and 
direct evidence of the crushing and shearing is obliterated. The 
cleanest, soundest schists generally form the bands of maximum 
shearing, and we are forced to infer a connexion between the 
degree of reconstruction and the degree of shearing. On the whole, 
it seems probable that the pressure generated sufficient heat to fuse 
or dissolve some of the rock in and near the sheared bands. 

Solution appears more probable than fusion. The action of water 
is shown by the abundance of chlorite and calcite, and by the other 
decomposition-products which have been infiltrated into shear-planes 
and cracks in crystals. The most recent chemical researches prove 
that a very minute proportion of water will suffice to hold a silicate 
in solution. The comparative solubility of felspar is illustrated by the 
frequency of the occurrence of fragments of crushed hornblende- 
erystals as inclusions in clear plagioclase. 

Whether the whole of the diorite and granite had consolidated 
before the chief mechanical force came into operation is not easy 
to determine, but an affirmative answer is probable. The granite 
is certainly younger than the diorites, yet in numerous cases exa- 
mined the first stage in the conversion of the granite into gneiss 
is the crushing of the rigid rock into a mass of lenticular fragments. 
The Ragged-Stone-Hill felsite, too, which penetrates the coarse grey 
diorite (the younger of the two chief varieties), is sometimes sheared 
like a solid mass. If any parts of the Malvern complex had not 
consolidated before metamorphism, they were in a very small pro- 
portion. 

The views to which the writer has been led by the study of the 
Malvern rocks agree in the main with the modern theories of 
dynamic metamorphism ; but the chemical changes here recorded 
appear to be greater than any previously observed. 


* Origin of Mountain-Ranges, p. 168. 
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SUMMARY. 


1. All the crystalline rocks of the Malvern Chain are of igneous 
origin. 

2. The gneisses and schists are produced out of igneous rocks by 
secondary action. 

3. The chief mineral and chemical changes have taken place in 
bands of rock (shear-zones) which have been subjected to a shearing- 
movement, so that the metamorphism may be described as “ zonal.” 
The maximum of alteration has been produced in diorite which has 
been sheared in proximity to granite-veins. Contact-effects are 
here combined with dynamic metamorphism. 

4, The most important chemical changes are the removal of 
bases and the combination of potash with some of the constituents 
of diorite. 

5. The chief mineral changes are the reconstruction of felspar, 
and the production of biotite (from chlorite), white mica (from 
orthoclase, plagioclase, black mica, and chlorite), granular quartz, 
sphene, and actinolite. 


EXPLANATION OF PLATE XVI. 


Figs. 1, 2, 3. Series showing the conversion of kersantite through mica-gneiss 
into gneissoid quartzite. (Shear-zone at Swinyard’s Hill, p. 482.) 

Fig. 1 (318, p. 485). Kersantite, being diorite (275, 276) altered at contact 
of granite-vein, which appears at the upper part of the slide. Some 
aggregation of the mica is seen at the junction. 

2 (277, p. 486). Biotite-gneiss from the shear-zone. Structure similar to 
last, but more aggregation of the mica in continuous folia. Passing, 
im the same slide, insensibly, both transversely and longitudinally, into 
the gneissoid quartzite of fig. 3. 

3 (277, p 486). Gneissoid quartzite. Most of the felspar has been re- 
placed by quartz, and much of the mica has disappeared. 

4 (322, p. 496). Diorite, with granite vein at the upper side. To show 
aggregation and enlargement of the hornblende at the contact. 

5 (396, p. 496). Biotite-gneiss, with granite-vein. To show similar effects 
with mica. 

6 (403, p. 480). One of the later slides of the diorite-series at the shear-zone 
at West Malvern. Along the line a....a fragments of hornblende 
crystals are arranged in an irregular folium. In the upper square 
a cluster of biotite crystals is moulded on the hornblende. ‘The line 
b....b indicates the position of a band of biotite interlaminated with 
chlorite. In the lower square the biotite encloses a crystal of epidote. 
The rest of the slide is mainly white mica and epidote. 


Discusston. 


The Presipent observed that the gist of the question lay in the 
evidence. 

Mr. Rortey said that the Malvern Hills offer comparatively small 
and interrupted exposures of rock. He went there with no pre- 
conceived opinion, and concluded that a certain number of the rocks 
were eruptive, although he considered that a large proportion con- 
sisted of the detritus of eruptive rocks, while, towards the south 
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end they were mainly micaceous schists and bedded quartzites, 
which he regarded as altered sedimentary rocks. There is a difference 
too in the specific gravity of the minerals as we go from north 
to south, the percentage of those of higher density being greater 
in the northern parts of the range. There was nothing very remark- 
able in the biotite-gneisses of Swinyard’s Hill. In cut sections he 
had not seen much evidence of mechanical deformation of eruptive 
rocks, although plenty of decomposition-preducts were present. 
The crushed material in the so-called shear-zone at West Malvern 
he regarded as possibly a friction-breccia. Some of these zones 
are, very likely, mere dislocations. There was no correspondence 
between the direction of the faults and the strike of the bedding 
and schistosity. He still adhered to his previous conclusions. 

Mr. Tratt confessed that his ideas on the general question were 
in an inchoate stage. He was much interested in the paper, and 
agreed with many of the points, but should require more detailed 
knowledge of the locality. With regard to shear-zones, he was 
somewhat of Mr. Rutley’s opinion; he was not quite certain that 
he understood the Author. Foliation as evidence of shearing was 
the point under discussion ; but the Author appeared to take it for 
granted. As evidence that the shearing motion has taken place, 
the Author describes the mechanical deformation of minerals; are 
they invariably found along the zones where foliation occurs? Many 
of the rocks do not show a trace of shearing of this kind. There 
was no evidence of this tearing asunder of the minerals. The main 
point is, How can we tell, when dealing with holocrystalline rock, 
whether the structure is original or superinduced, so far as micro- 
scopic evidence is concerned, and without reference to the results of 
field-work? As subsidiary points, there was the conversion of 
hornblende into black mica, but he was surprised to hear that this 
had been effected through the intervention of chlorite. He agreed 
that white micas had been derived from the felspars. He referred 
also to the development of granulitic aggregates of quartz in the 
place of felspar, and asked if the Author was sure that the grains 
were quartz and not felspar. 

Dr. Hicks agreed with the Author to a certain extent, but he 
failed to see why the original minerals should remain unaltered 
or merely deformed so near the shear-zones, if the general meta- 
morphism was produced by shearing. As to the granite-veins, are 
they really intrusions or, as is more probable, segregation-veins 
only? Ifso, this would show that the greatest amount of change 
in these rocks is due to secondary deposition along lines of weak- 
Dess. 

Prof. Buaker was glad to hear that Mr. Teall admitted the existence 
of schists in which there was no evidence of shearing. What 
might be the origin of these parallel structures was quite a different 
question from that of the production of sheared rocks, In the case 
of the latter the amount and direction of the motion that had taken 
place was directly ascertainable by an examination of the position 
of the fragments of the deformed crystals. 


Quart.Journ.Geol.Soe Vol. XLV. PLAVI. 
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Dr. Irvine alluded to the important difference presented by the 
phenomena of the shear-zones and those of the masses of the 
eneisses. We have no right to assume that these rocks are meta- 
morphic in their origin. The question of the replacement of bases 
is one of much interest. He explained how potash may be 
replaced, and gave illustrations: there would be variations in the 
results according to the quantity of free carbonic acid acting on the 
silicates. 

The AvurHoR, in reply, stated that he had not raised the general 
question as to the origin of the crystalline schists. Mr. Rutley 
recognized sedimentary rocks towards the south end of the chain. 
This appearance was simply due to more intense shearing. The 
rocks were more highly quartzose, the result of more intense 
metamorphism. The crushed rock gradually passes into the recon- 
structed rock. He allowed that black mica may be derived directly 
from hornblende, but that was not the case in the Malvern Hills. 
He dissented from the notion of friction-breccia. Mr. Teall’s 
point was the kernel of the whole question. There was deformation 
at the margins of the zones, but not in the centre, because the rock 
had been reconstructed ; eyes of felspar are often seen in the most 
highly foliated rocks. A granular structure was characteristic of 
the reconstructed bands. ‘There was no distinction between smaller 
and larger granite-veins. He referred to Prof. Blake’s point as 
to the evidence of shearing in the broken hornblende crystals. 
Most of the questions raised were answered in the paper. 
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21. OBSERVATIONS 02 some UNDESCRIBED LACUSTRINE Deposits at SAINT 
Cross, SourH EtmHam, in Surrotk. By Cuarztes Canpier, Esq. 
(Read June 5, 1889.) 


(Communicated by Clement Rerp, Esq., F.G.S.) 


Tne well-known freshwater beds of Hoxne in Suffolk have attracted 
so much attention that a short account of some closely related de- 
posits which I have recently met with in the same district will not, 
I hope, be without interest to students of our Pleistocene formations*. 

The beds in question are situated in the parish of Saint Cross 7, 
South Elmham, in the basin of the River Waveney, 32 miles E. by N. 
of the town of Harleston, and 9 miles E.N.K. of Hoxne{. ‘The 
road from Homersfield Bridge to Halesworth, after first skirting 
and then crossing the terrace of gravel which here flanks the river 
on the Suffolk side, leaves the valley and enters the parish of Saint 
Cross, on the verge of the plateau of Chalky Boulder-clay which 
covers with a thick cap the district locally known as ‘“‘ High Suffolk.” 

The parish is intersected by the ‘‘ South Elmham Beck,” which has 
scoured a channel through the Boulder-clay deep into the under- 
lying sands of the Middle Drift. Just beyond the village street 
the Halesworth Road crosses a broad and shallow trough, which a 
few yards lower down converges with the valley of the Beck. On 
the eastern slope of this lateral depression is a brickyard, and it is 
here that the beds to be described are exposed. On the same spot 
the Boulder-clay was for some time excavated, and this may per- 
haps account for the fact that the more recent formations have 
hitherto escaped notice. 

At the top of the slope, on the eastern side of the brickyard, there 
is now an open section running at right angles to the road, and 
about 250 feet in length. The face of the section shows beneath a 
capping of surface soil and gravel a deposit of brickearth or loam. 
This bed thins out towards the north end of the line, where it may 
be seen resting upon the Boulder-clay, which here comes to the 
surface. The brickearth varies in consistence from ‘a fine and stiff 
to a coarse and sandy or calcareous loam, and in colour from red to 
white. Angular yellow flints are common in the deposit. Its 
stratification is confused and sometimes scarcely discernible. There 
are in places indications of a double series, a red clay overlying a 


* T must express my great obligations to Mr. Clement Reid, F.G.S., at whose 
suggestion I have prepared these notes, for the help he has kindly given me in 
the work ; and in particular for the list of plants accompanying this paper, the 
result of a careful examination by him of a quantity of material. 

+ Some confusion exists as to the name of this parish, which upon the 
Ordnance Map, and in all old records, is described as “Sancroft” or ‘‘Sand- 
croft,” of which “Saint Cross” appears to bea modern corruption. The village 
is now, however, always known by the latter name. 

+ Quarter-Sheet 50 N.E. of the Ordnance Survey. 
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white; but the line of separation is very indefinite. The surface of 
the deposit where it meets the superjacent gravel and top-soil is 
deeply undulated, and it rests unconformably upon the bed below, 
the junction-line being straight and strongly marked. Beneath the 
brickearth there is a level floor of fine tenacious clay of a grey or 
blue tint, in places stained orange and red, and seamed near the 
base with partings of dark sand or loam. Towards the south end 
ot the section, this clay gives place to, or is obscured by, a succession 
of mounds of loosely compacted silt or fine shingle, full of small 
rounded pebbles of chalk. Underlying the clay is a thick bed of 
black peaty loam, in places sandy, but generally stiff and wet, and 
smelling as strongly of decaying organisms as the mud of a marsh- 


DNagram-section in Saint-Cross Brickyard. 
(Scale 8 feet to 1 inch.) 
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drain. ‘The surface of this lower bed, particularly in the southern 
portion of the section, is very uneven, sometimes swelling up in 
bosses, and sometimes sinking in deeply scooped hollows. Near the 
north-east corner of the brickyard the verge of the black bed has 
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been penetrated and the Boulder-clay below reached, but in the 
centre of the section I have not yet been able, owing to the water- 
logged condition of the deposit, to ascertain its depth: nor have I 
yet the means of estimating the superficial area of these freshwater 
beds. The brickyard is bounded on the south by the highroad, 
beyond which Mr. Aldous, the tenant of the property—to whom I 
am much indebted for the help he has given me—has made some 
small excavations by way of experiment; and he says that the loam 
extends at least 300 yards to the south of the present workings, 
and that he has also found traces of it on the opposite side of the 
little brickyard stream. 

For convenience of reference, I have tabulated the beds as shown 
on p. 505, though the whole series is nowhere exposed in actual 
section. 

As excavation is in active progress, the face of the pit varies, and 
varies considerably, from week to week, and it is impossible to give 
a measured section, the details of which will stand good for more 
than a few days. I have, however, indicated above, I believe with 
some approach to accuracy, the general succession of the beds. 

The list of fossils obtained from the Saint-Cross deposits is as yet 
very imperfect, and will no doubt be largely added to when the for- 
mation has been more carefully studied. ‘The base of bed 6 has 
yielded some teeth and a great number of fragments and splinters 
of bones and horns, a selection of which Mr. E. T. Newton has 
kindly looked through and determined the following species *:— 


Elephas (primigenius?). 2 lumbar vertebrae and some fragments 
of limb-bones. 

Equus caballus. 4 teeth. 

Bos taurus, var. pronigenius. Upper portion of tibia. 

Cervus, sp. Teeth and fragments of bones and horns in great 
plenty. 


In addition to the above, I have the greater part of the vertebral 
column of a fish, which I have not yet been able to identify, but 
which is probably a pike. 

Bed ¢ contains root-fibres and bone-fragments, but the latter are 
so disintegrated that it is very difficult to remove and impossible to 
identify them. The same bed contains the following shells :-— 


Bythinia tentaculata and Valvata piscinalis, both of which range 
through the whole series, and are in places extremely 
abundant. 

Pisedium annicum. 


Mr. Clement Reid has washed and examined about 40 pounds of 
material from the lowest attainable portion of bed d, and has 
detected seeds of the following plants, with two exceptions all 
marsh or aquatic species :— 


* T cannot, unfortunately, speak with certainty as to the exact position in 
which all these bones were found, as they had, many of them, been taken from 
the matrix some time before I saw them. 
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Thalictrum flavum, L. Alnus glutinosa, L. 

Ranunculus aquatilis, L. Ceratophyllum demersum, L. 
sceleratus, L. Alisma plantago, L. 

-—— flammula, L. Potamogeton heterophyllus, 

Crategus oxyacantha, L.* Schreb. 


perfoliatus, L. 

erispus, L. 

obtusifolius, Mert. g& Koch. 
trichoides, Cham. 


Myriophyllum spicatum, LZ. 

Hippuris vulgaris, L. 

Hydrocotyle vulgaris, L. 
{nanthe phellandrium, Lam. 


(very small). Zanuichellia palustris, Z. 
Cnicus palustris, Hoffi.? (badly Scirpus pauciflorus, Lightf. 
preserved). ceespitosus, L. 


Taraxacum officinale, Wed. fluitans, L. 
Menyanthes trifoliata, L. lacustris, L. 
Lycopus europzeus, L. Carex riparia, Curtis. 
Rumex maritimus, L. —- rostrata, Stokes. 
From the same sample Mr. Reid obtained two mosses, which 
Mr. Mitton has declared to be :— 
Brachythecium plumosum f. 
Amblystegium fluitans. 
And also the following Mollusca :— 
Limnzea stagnalis, L. Pisidium amnicum ?, Will. 
Valvata piscinalis, Mid. (a fragment). 
Bythinia tentaculata, L. fontinale, Drap. 
Spherium corneum, L, 

Some minute teeth and bones of vertebrates were also found, 
which Mr. Newton has verified as :— 

Arvicola, sp. (vole). Tinea vulgaris (tench). 
Leuciscus rutilus (roach). Esox lucius (pike). 

The same stratum contains abundance of wood, and some time 
ago the trunk and main branches of a forest tree (Mr. Aldous says 
an oak) were found imbedded in the loam. 

No paleolithic implements were found at Saint Cross, though 
flint flakes and chippings, more or less suggestive of human agency, 
are common in bed 6. On a recent visit to the brickyard a work- 
man gave me a small cast bronze or copper adze, which he had 
obtained some years ago from bed ¢, into which possibly it had 
fallen from the surface of the sectiont. I may mention here that 
when the present series of excavations at Saint Cross was begun, 
it was found that the brickyard had been tenanted before by an 
older generation of workmen. A kiln filled with wood-ashes, and 
of a long obsolete pattern, which had been completely buried and 
grassed over, was dug out, and a quantity of abandoned brickearth 
washed and utilized. 


* Mr. Reid seems to have found no trace of the hawthorn in any of the 
postglacial deposits he had previously examined. See his ‘‘ Notes on the 
Geological History of the Recent Flora of Britain,” Aunals of Botany, vol. ii. 
no. 6, August 1888. 

t This species does not appear in the Rev. EH. N. Bloomfield’s list of the 
mosses of Suffolk—‘ Journal of Botany,’ August 1885 and March 1888. It is 
usually found in Subalpine districts growing upon rocks and stones in damp 
places (Berkeley). 

{ The Rev. C. R. Manning, F.S8.A., informs me that this implement is the 
blade of a socketed celt, broken off at the base of the socket, of the common 
type described by Dr. Evans in Chap. V. of his ‘ Ancient Bronze Implements.’ 
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Although we have no means as yet of exactly correlating the 
Saint-Cross beds with those at Hoxne, it would not, I think, be well 
to close these notes without some further reference to the latter 
deposits. For purposes of ready comparison, I give one of Professor 
Prestwich’s sections as quoted by Messrs. C. Reid and H. N. Ridley 
in an interesting paper read at the Bath meeting of the British 
Association in September last *. 


Section in S.W. corner of Hoxne Brickfield, 1859. 


a. Surface soil, traces of sand and gravel ............... lto 2 
6. Brown and greyish clay, not calcareous, with an 
irregular central carbonaceous or peaty seam. 

Two flint implements, Bones of Bos ............... 10 to 12 
Yellow subangular flint-gravel, with a certain pro- 
portion of small chalk pebbles, and a few pebbles 
of siliceous sandstone, quartz, and other old rocks. 
Elephas. The matrix of this bed in places consists 

of claylike ). 0. .jt.2..csc-eseb se een ee eee eee zto 1 
d. Bluish and grey calcareous clay, in places very peaty ; 
lower part with seams or partings of sand. Wood 
and vegetable remains. Land and freshwater 
shells. Bones of Mammalia (deer, horse, and 


is} 
° 


elephant) t cost) acbeiceeptese Soebee eek coma eces3 eeeee 3to 4 
e. Gravel like c, but smaller, more worn, and with 
more chalk pebbles: n...2c.-) ose eee ae eee 1 to SS 


f. Calcareous grey clay, more or less peaty, with fresh- 
water shells (bored to 17 feet, but no bottom was 
REACNED ) e554 tacatyanoeeac eta cpee eee ee 17 

On comparing this section with the description of the Saint-Cross 
beds, it will be seen that in lithological character, if not in order of 
sequence, there is a strong general resemblance between the two 
series. Indeed, I believe that no one who is familiar with the 
Hoxne sections, and who will examine the beds at Saint Cross, will 
fail to conclude that both the deposits were formed under very 
similar, if not identical, conditions. In comparing the fossil 
contents of the two forniations one with another there is, with one 
exception, little to call for remark. A greater number of species 
have certainly been found at Hoxne than at Saint Cross; but this 
is only natural, seeing that the one deposit bas been known for 
nearly a century, the other for scarcely a year. Messrs. Reid and 
Ridley, in their paper already referred to, give a list of 38 plants 
found by them in bed d of the Hoxne section, including Betula nana, 
Saliw polaris, S. Myrsinites, and the alpine moss Acroceratium 
sarmentosum. On placing this list side by side with that of the 
plants found in bed d at Saint Cross, it will at once be noticed 
that the group of northern and arctic species is missing from the 
latter. But it must be remembered that Messrs. Reid and Ridley 
determined the northern birch and willows from /eaves which they 
found in finely bedded clay, possessing far higher preserving powers 
than the Saint-Cross bed d. Until we meet at Saint Cross with a 

* « Fossil Arctic Plants from the Lacustrine Deposit™at Hoxne in Suffolk.” 


By Clement Reid, F.G.S., and H. N. Ridley, M.A., F.L.S.—Geological Maga- 
zine, Decade iii. vol. v. no. 10, p. 441 (October 1888). 


- 


AT SAINT CROSS, SOUTH ELMHAM, IN SUFFOLK. 509 


stratum capeble of preserving such leaves, but which does not con- 
tain them, we must not attach too much significance to their absence. 
On the other hand, the presence of a large tree in the upper por- 
tion of bed d at Saint Cross, considered with the absence of 
northern plants, suggests the prevalence of a much less rigorous 
climate than that under which the leaf-bearing beds at: Hoxne were 
deposited. Indeed, some of the plants found at Saint Cross do not 
range much further north at the present day, and with two or three 
exceptions the whole of them are now living in the immediate 
vicinity. It is possible, therefore, that the Saint-Cross bed d may 
be synchronous with the lowest bed (f) of the Hoxne section, the 
leaf-bearing bed above marking the recurrence of another cold 
period, corresponding perhaps with the advance of an ice-sheet over 
the northern counties. 

An important point to be considered with reference to these 
formations is their connexion, if any, with the present drainage 
system of the country, So far as the Saint-Cross beds are concerned, 
there is little in their position to show that any such connexion 
exists. They now occupy a ridge or tongue of land between two 
depressions, from both of which they may have been in part denuded, 
and on the crest of this ridge they appear to attain their greatest 
depth. Moreover, the deposits terminate on the very verge of the 
valley of the South Elmham Beck, high above the present level of the 
stream, the sands of the Middle Glacial Drift being exposed below 
the brickyard in a pit at the base of the valley slope. The greater 
part of the valley has been eroded since the formation of the lacus- 
trine beds, and it is at least doubtful whether during that period 
the stream had any existence at all. The watercourse which now 
drains the brickyard may, however, indicate the direction in which 
the surplus waters of the old lake were discharged. 

It appears probable that on the final retreat of the last ice-sheet 
which invaded these counties, the hollows of the Boulder-clay were 
occupied by a series of lakes and pools. For the most part the 
sedimentary deposits formed in these hollows have been entirely 
swept away. But at Saint Cross the mud and loam of one such 
lake, the position of which has protected them from erosion, have 
resisted the agencies which have completed elsewhere the work of 
obliteration. The flora of the bed d proves that Arctic conditions 
had given place to a more temperate climate when that deposit was 
thrown down, and this implies the lapse of a considerable interval 
since the formation of the Chalky Boulder-clay. A long period of 
time must, however, have been required for the accumulation of the 
whole series. Bed d points to the existence of a shallow, weed- 
grown pool with marshy shores and islets, filling a hollow in a 
wooded and undulating country. After this, an increasing depth 
of water checked the growth of vegetation, and the clays of bed c 
were deposited by the waters of an undisturbed lake. The junction 
of beds ¢ and } evidently marks a change of conditions, and, if the 
root-fibres in the clay are those of land-plants, the escape or 
evaporation of the waters of the lake and the intervention of a 
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dry surface. Finally, the brickearth of bed 6, containing abund- 
ance of stones and very few organic remains, suggests a period of 
floods and turbid waters, with a correspondingly rapid denudation of 
the surrounding area. 


Discussron. 


The CHarrmMan spoke of the interest of these beds in connexion 
with those of Hoxne. Mr. Clement Reid had supplied the material 
for a comparison of the floras from the two localities. 

Mr. Crrmenr Rem had little to add to the paper; he was glad 
to know that a resident had undertaken to work a country which, as 
a rule, was carefully avoided by all geologists. From the resem- 
blance to the deposits at Hoxne he had expected an Arctic flora, 
but the plants were such as now live in Norfolk and Suffolk, having 
alsoa wide N. andS. range. This was the first case of the hawthorn 
occurring as fossilin Britain. The lacustrine deposits of Hoxne and 
St. Cross may form a series linking on the glacial beds with those 
of the present day. He agreed with the Author that the lakes 
probably occupied hollows left in the Boulder-clay on the retreat of 
the ice. 

Prof. Prestwich referred to the important addition to the flora, 
and spoke of Mr. Clement Reid’s method as having thrown great 
light on the subject within the last few years. Previously little 
was known of the flora of these mammaliferous beds. 

Mr. Lyprxxer wanted to know how Bos primigenius was to be 
distinguished from Bos taurus by the teeth alone. 


CHELONIAN REMAINS FROM THE WEALDEN AND PURBECK. Rl Ih 


32. On certain CHELONIAN Rematns from the WEALDEN and PuRBECK. 


By R. Lyprxxer, Esq., F.G.S., F.Z.8., &c. (Read June 5, 1889.) 


a. Plastron from the Wealden. 


Crrrarn fragments of the plastron of a Chelonian collected by the 
late Dr. Mantell from the Wealden of Sussex, and now preserved 
in the British Museum, are of some interest as affording evidence of 
the presence of an additional series of epidermal shields unknown in 
any previously described form, and probably indicating an extremely 
archaic type of structure. 


Fig. 1.— Left hypo- and xtphiplastral of a Chelonian ; from the 
Wealden of Cuckfield. (¥% nat. size.) 


ab., abdominal shield ; fem., femoral do.; an., anal do.; 7.ab., interabdominal 
do.; 2,fem., interfemoral do. 


The first specimen that may be noticed is the imperfect left 
xiphiplastral, to which is suturally united a portion of the hypo- 
plastral, this bone (No. 3506) being represented in fig. 1. It 
appears probable that the proximal portion of the bone is broken 
away, and that the hypoplastral element was originally extended 
upwards to form the inguinal portion of the bridge for connexion 
with the carapace. The peculiar features connected with this speci- 
men are, however, the sulci left by the epidermal shields. It will 
be seen from the figure that on the outer border there are two 
narrow Shields (an., fem.) which from their relation to the xiphi- 
plastral suture I take to represent the anal and femoral shields of 
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the normal type. Above the femoral is seen the commencement of 
a third lateral shield, which may be correlated with the abdominal. 
On the inner side of these lateral shields are portions of two larger 
shields, which may be termed interfemoral and interabdominal. 
There are no means of determining whether these inner shields 
were azygous or paired, although I am inclined to think that they 
were provably azygous. On the dorsal surface of the specimen the 
absence of any pelvic attachment to the xiphiplastral indicates that 
the Chelonian under consideration was allied to the Cryptodiran 
section. 

The next specimens are two examples of bones which are pro- 
visionally regarded as left hyoplastrals, one of which (No. 3532) is 
represented in fig. 2, while the other (No. 3533) is figured in Man- 
tell’s ‘ Fossils of Tilgate Forest,’ pl. vil. fig. 3. Anteriorly they 
exhibit surfaces which are assumed to be for the articulation of the 
epi- and entoplastrals ; while posteriorly there is an entire natural 
surface which appears to have articulated with a mesoplastral ele- 
ment, since, if these bones be rightly determined, it is quite evident 
that they took no part in the formation of the axillary portion of 
the bridge. I conclude, therefore, that the structure of the plastron 


Fig. 2.—Left Hyoplastral (?) of a Chelonian ; from the Wealden 
of Cuckfield. (% nat. size.) 


i.g., intergular shield ; hum., humeral do. ; pec., pectoral do. ; 7.pec., inter- 
pectoral do. 


was probably of the same general type as in Sternotherus, where 
the hypoplastral forms the inguinal, and the mesoplastral the 
axillary half of the bridge. The whole plastron must, however, 
have been much longer and narrower than in that genus, in which 
respect Chelodina makes the nearest approach among existing types. 
Both specimens exhibit an inner and an outer row of epidermal 
shields, which affords the ground of reference to the same form as 
the preceding specimen. ‘The two outer shields I correlate with the 
humeral and pectoral; while the uppermost of the inner row 
appears to represent the intergular of Chelodina, and the lower 
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one may be named interpectoral. On this view the gulars will 
have been placed anteriorly to the intergular in the same manner 
as in Chelodina. 

Our specimens indicate, therefore, a Chelonian of medium size, 
characterized by the occurrence of a row of median, and probably 
azygos, plastral shields, dividing the normal plastral shields below 
the gulars. This series is a continuation of the intergular now 
found in all Plewrodira and some Cryptodira, and may in all proba- 
bility be regarded as indicating an archaic type of structure, the 
Chelonian plastron having probably been developed from abdominal 
ribs like those of Sphenodon, and apparently showing a tendency to 
the obliteration of some of its elements with advancing specializa- 
tion. No existing Chelonian exhibits this multiplication of plastral 
shields ; but Mr. Boulenger has figured a minute interanal shield 
in two specimens of Macroclemmys, one of which also exhibits an 
equally minute azygos shield in the centre of the plastron. 

A feature of a somewhat analogous nature to that characterizing 
the plastron under consideration is, however, found in the carapace 
of a Chelonian from the Kimeridgian of Hanover, fizured by Dr. 
Portis in the ‘ Palzontographica,’ vol. xxv. pl. xv., under the name 
of Tropidemys Seebacht. In that specimen the normal azygous series 
of vertebral shields is divided into two lateral series by a more 
numerous row of small intervertebral shields, nearly corresponding 
in number with the underlying neural bones. In the characters of 
the bony elements of the carapace that specimen corresponds closely 
with typical species of Zropidemys ; but the multiplication of the 
shields should not improbably be regarded as a generic character. 
It occurs to me that the carapace of the Wealden form may perhaps 
have had a similar series of intervertebral shields. 


b. The Affinities of Pleurosternum. 


The Purbeck Chelonian to which Sir R. Owen applied the name 
Pleurosternum latiscutatum, as has been shown by Mr. Boulenger and 
myself, has no connexion with the Pleurosternide *, but belongs to 
the Plesiochelyidz ; and from the evidence afforded by a nearly entire 
shell of the last-named species from the Wealden, it appears that 
the plastra described by Sir R. Owen as Platemys Mantel and 
P. Diwxoni are really referable to the so-called Chelone Bella, which 
is thus shown to be an allied form. 

It may also be observed in this connexion that the so-called 
Pleurosternum latiscutatum was provisionally referred by my friend 
and myself in the paper above cited to the genus Plesvochelys. Subse- 
quent observations have, however, shown that the vertebral shields 
are much wider than in that genus; and since there are other 
distinctive features which I shall indicate elsewhere, I feel jus- 
tified in proposing the new generic name Hylcochelys for this 
Chelonian. I may state, however, that I have found it impossible 


* Geol. Mag. decade 3, vol. iv. p. 272 (1887). In this communication 
Pleurosternum was referred to the Pelomeduside. 


Q.J.G.8. No. 179. 20 
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to satisfy myself absolutely that this form is generically distinct 
from either Hydropelta of the Lithographic Limestone or Chitra- 
cephalus of the Wealden, the type specimens of those two genera 
being of a character which does not admit of exact comparison. I 
shall, however, elsewhere adduce certain evidence tending to show 
that Hyleochelys is not identical with Chitracephalus. A second 
species of Hylceochelys will be represented by Chelone Belli, which 
appears to be specifically distinct from the type species; and in 
any case the specific name Belli, as the earlier, has a right to stand. 
The Chelonian from the Kimeridgian of Hanover described by 
Maack * as Chelonides Witter would appear to indicate a form more 
or less closely allied to Hylcochelys ; but the generic name is pre- 
occupied. The insufficiently described Plastremys, Owen, is pro- 
bably also identical with this genus. 

Reverting to the forms described as Pleurosternum, it is evident 
that the type of P. emarginatum, Owen, also belongs to Hylaochelys, 
although the other examples referred to that species by its founder 
are veritable Pleurosternide. Again the specimen from the Wealden 
of Germany described as P. Kanenit is likewise referable to the 
new genus, and probably belongs to the type species. 

The removal of these three species from Pleurosternum will reduce 
the four species assigned to that genus by its founder, Sir R. Owen §, 
to two, viz. P. concinnum and P. ovatum. The former species is the 
first of the four which are referred to the genus in the original 
memoir, and, as pointed out by Prof. Cope ||, must undoubtedly be 
regarded as the type of the genus. In the joint communication by 
Mr. Boulenger and myself published in the ‘ Geological Magazine,’ 
to which reference has been already made, it was shown that the 
plastron described by Sir R. Owen at an earlier date under the 
name of Platemys Bullocki, and erroneously supposed to have been 
obtained from the London Clay, was in reality from the Purbeck, 
and appeared to be specifically identical with the type of Pleuro- 
sternum ovatum and with some of the specimens described as 
P. emarginatum. We accordingly proposed to supersede the name 
Pleurosternum ovatum by Pleurosternum Bullock, making no mention 
of P. concinnum. It had, however, escaped our notice that Prof. 
Cope 4 had seen occasion to regard the so-called Platemys Bul- 
locki as generically distinct from Pleurosternwm (typified by P. con- 
conmum), and had proposed for it the name Digerrhum. 

It appears, indeed, so far as I can gather, that Prof. Cope was 
induced to separate Platemys Bullocki from Pleurosternum on the 
ground that the latter had no intergular shield. A portion of such 
shield is, however, clearly seen in P. concinnuwm—the type of the 
latter genus—and the distinction consequently falls to the ground. 


* ¢ Paleontographica,’ vol. xvili. part 2, p. 133 (1869). 

+ In 1834 for a genus of Lepidoptera. 

+ Grabbe, ‘ Zeitschr. deutsch. geol. Ges.’ vol. xxxvi. p. 19 (1884). 

§ ‘ Wealden and Purbeck Reptilia’ (Mon. Pal. Soc.), pt. i. p. 2 (1853). 
|| Geol. Mag. decade 3, vol. iv. p. 573 (1887). 

“| Trans. Amer. Phil. Soc, vol. xiv. pt. i. p. 156 (1870). 
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At one time I thought that the undermentioned specimens might on 
other grounds justify the retention of Digerrhum as a form closely 
allied to Pleurosternuwm, but further consideration induced me to 
regard all the above-mentioned forms as referable to one genus, and 
probably to a single species, for which the name Plewrosternum Bul- 
lock? should be adopted. 

It may be added that while Plewrosternum was, from the assumed 
absence of the intergular, referred by Prof. Cope to the Cryptodira 
as the type of a family, Degerrhum was classed among the Pleurodira 
in the existing family Sternothride, which is included by Mr. 
Boulenger among the Pelomeduside. 

Having now cleared the ground, we may proceed to consider the 
specimens which I have to bring to notice as affording evidence of 
the affinities of Pleurosternum. It may be observed in the first 
place that the most distinctive feature of this genus is the presence 
of a complete mesoplastral element in the plastron (fig. 3), this feature 
occurring elsewhere, so far as is known, only in the allied Helochelys 
of the Neocomian, in the existing Pleurodiran genus Sternotherus, 
and possibly in the Triassic Proganochelys ; while such an element, 
although of a different type, is considered to have been probably 
developed in the Wealden form described in the first part of this 
communication. 

Further the shell is comparatively smooth, and bas an intergular 
but no nuchal epidermal shield; while the entoplastral is wide and 
of relatively large size. There is, moreover, a full series of neural 
bones, of which the 8th articulates with the lst suprapygal; while 
the vertebral shields are relatively wide. 

The first of the two specimens I have to bring under the notice of 
the Society is a small slab of rock (B.M. No. 48262), showing the 
ereater part of the flattened shell of an immature Chelonian. This 
specimen, which is represented of two thirds the natural size in fig. 3, 
shows the greater part of the median line and of the left half of the 
carapace, the right half of the latter having been chiselled away in 
order to exhibit the dorsal surface of the plastron. The general 
contour of the specimen, the absence of the nuchal shield, and more 
especially the complete mesoplastral bones, at once indicate that 
it belongs to the Pleurosternide. It will be seen from the figure 
that the first marginal bone of either side encroaches so largely on 
the anterior border of the nuchal, as to leave scarcely any free 
border to that bone; and I was at first inclined to consider this a 
specific distinction from Plewrosternum Bullocki, Finding, however, 
that the same feature occurs in another young carapace (and, indeed, 
in all the young specimens in the Museum), while all the adult speci- 
mens show a more normal type of nuchal, I have finally come to the 
conclusion that the feature obtaining in the nuchal of the specimen 
under consideration should probably be regarded as characteristic 
of immaturity. It should, however, be observed that in Sir R. 
Owen’s figure of the type specimen of P. concitnnum, the first mar- 
ginals appear to have a somewhat similar relation to the nuchal as 
obtains in the present young specimen; but an inspection of the 

202 
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figure shows that there is some confusion between bony sutures 
and the sulci formed by horny shields, so that it is quite possible the 
figure may be incorrect in this respect. And even if correct, I should 
be disposed to regard this feature merely as an individual abnor- 
mality, seeing that the associated plastron presents no characters by 
which it can be specifically distinguished from that of P. Bullocki, 


Fig. 3.—The imperfect Shell of an immature individual of Pleuro- 
sternum Bullocki; from the Purbeck of Swanage. (¥ nat. size.) 
(B. M. No. 48262). 


The costals of the right side have been removed in order to exhibit 
the dorsal aspect of the plastron. 


m.1, first marginal bones; nw., nuchal; ».1-n.7, neurals; ec. 1-c. 8, costals; 
ep., epiplastral ; ent.p., entoplastral; hy.p., hyoplastral; m.p., meso- 
plastral; hp.p., hypoplastral; x.p., xiphiplastral. 


and bearing in mind that if this feature be regarded as specific, we 
should have to refer all the young specimens to P. concinnum, and all 
the adult specimens (except the solitary type of the latter) to P. Bul- 
locki. I accordingly regard the specimen represented in fig. 3 as 
probably belonging to a young individual of the latter and only 
definable Purbeck species of the genus. The importance of this 
specimen is that it shows the absence of any connexion between the 


FROM THE WEALDEN AND PURBECK. 517 


bones of the pelvis and the plastron. This specimen differs from 
adult examples of P. Bullocki not only in the above-mentioned point, 
but also in the relatively wider vertebral and costal shields, and the 
circumstance that the first marginal bone articulates wholly with the 
nuchal instead of largely with the first costal; while, as shown by 
other specimens, the mesoplastral terminates outwardly in a point. 
All these features must apparently be regarded as characteristic of 
the young. 

The second specimen (B.M. No. R. 1524) is a portion of an 
adult plestron, which shows both the dorsal and ventral surfaces of 
the bone. It agrees in all respects with other specimens of the 
plastron of P. Bullockz, and there can be no hesitation in referring it 
to that species. 


Fig. 4.—Dorsal Aspect of the Posterior Extremity of the Plastron of 
Pleurosternum Bullocki; from the Purbeck of Dorsetshire. 
(3 nat. size.) 


SS 
XN 


hp.p., hypoplastral; xp., xiphiplastral ; 7., facet for pubis. 


The peculiar feature of this specimen (fig. 4) is the presence on 
the dorsal aspect of the xiphiplastral of a facet (f), for the articu- 
lation of the pubis. This facet occupies precisely the same position 
as in the plastron of the Jurassic Pleurodiran genus Plesiochelys, 
where only the pubis unites with the plastron; and also corre- 
sponds to the pubic articulation in existing Pleurodirans, where 
both pubis and ischium unite with the xiphiplastral. Whereas, 
however, in true Pleurodira, the union between the pelvis and 
plastron is a sutural one, in the present instance these bones appear 
merely to have articulated by smooth facets. 

If I am right in referring these. two types of pelvis to a single 
Species (and in any case they indicate extremely nearly allied forms 
which cannot be generically separated), it would appear that while 
the young of Plewrosternum had a type of pelvic structure similar 
to that which obtains in the Cryptodira, the adult approximated to 
the Pleurodiran modification. This being so, it remains to consider 
whether we are to regard these Chelonians as Cryptodirans approxi- 
mating to the Pleurodira, or as very generalized Pleurodirans, or as 
the representatives of a section distinct from both. 

This, I admit, is a question of some difficulty ; but since it is practi- 
cally certain, as M. Dollo has pointed out, that we must regard both 
the Cryptodira and Pleurodira as divergent branches from an original 
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common stock, it is quite evident that such stock must have had a 
plastron of very much the type of that of the Pleurosternide ; thatis to 
say there must have been a mesoplastral bone and an intergular shield, 
since these features, if once lost, would be very unlikely to reappear. 
Further, we should expect such en ancestral type to show such dif- 
ferences in the relation of the pelvis to the plastron as we find 
obtaining in the specimens before us. If we refer the Pleurosternidz 
to the Cryptodira, we should destroy the definition of that section by 
the inclusion of a form with a union between the pelvis and the 
plastron ; while if we assign them to the Pleurodira, we should 
equally invalidate the definition of that group, since we should have 
to include a genus with a free pelvis in the young. 

Under these circumstances, it appears to be the preferable course 
to regard this family as the representative of a generalized section, 
of which the earlier (unknown) members were the common ancestors 
of the Cryptodira and Pleurodira ; and I accordingly propose for this 
section the name of Amphichelydia. 

The Neocomian genus Helochelys will certainly come in the Pleuro- 
sternidz ; while I think the Baénide of Prof. Cope, as represented 
by the Upper Jurassic Platychelys and the Eocene Baéna, may pro- 
bably be likewise included in the same family, and will certainly 
come in the same section. Prof. Cope has, indeed, remarked on the 
peculiarly generalized affinities of Baéna, which he regards as exhi- 
biting decided evidence of affinity with the Pleurodira, especially in 
the approximation towards a union between the pelvis and the 
plastron. 

The Amphichelydia, as thus exemplified, will include all those 
forms hitherto referred to the Cryptodira which possess a mesoplastral 
bone, and will thus enable us to add to the definition of that section 
the absence of this bone. 

Finally, | may observe that the pectoral girdle and humerus of 
Plewrosternum are of a decidedly Pleurodiran type, coming near to 
those of the existing Chelys. I have, indeed, studiously avoided all 
reference to the structure of the skull and neck, which affords such 
an important distinction between the existing members of the Crypto- 
dira and Pleurodira, since it will be quite evident that any evidence 
adduced from them can have no possible bearing in a case where 
their structure is totally unknown. 


DiscusstIon. 


The Cuarrman said that some interesting points of difference 
between the living and extinct forms of Chelonia had been well 
brought out by the Author. 

Prof. Brake inquired in what state the horny scutes of the 
Chelonia are preserved. 

The AvrHor said by impressions on the underlying bone. In the 
Stonesfield Slate the scutes themselves of the Testudo Stricklandi of 
Phillips are preserved. 
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33. Norres on the HornBLENDE-SCHIsTS and BANDED CRYSTALLINE 
Rocks of the Lizarp. By Major-General C. A. M°Manon, 
F.G.8. (Read May 22, 1889.) 


I wave visited the Lizard on three occasions, namely, in 1887 in 
company with several Members of the Geologists’ Association under 
the able guidance of Messrs. Howard Fox, F.G.S., and E. A. Wunsch, 
F.G.S.; in 1888 by myself; and in February of the present year 
in company with Mr. Howard Fox, to whom I feel under the 
greatest obligation, his intimate acquaintance with the Lizard 
rocks and his local knowledge rendering his aid in the field ex- 
tremely valuable. 

On each occasion I collected numerous specimens of the rocks, and 
studied thin slices of them under the microscope during the intervals 
between my visits, so that I have had an opportunity of correcting 
the impressions made in the field by microscopic work in the study, 
and of again testing ideas formed in the study by fresh observations 
in the field. I have examined under the microscope over ninety 
thin slices of my own specimens, nearly fifty have been lent me by 
Mr. Howard Fox, and Mr. J. J. Harris Teali kindly placed those of 
his own collection at my disposal. 

Before stating the results of my own investigations I think it desir- 
able to refer briefly to the views expressed by previous observers. 
Sir Henry De la Beche’s opinion may be gathered from the foilowing 
extract from his‘ Report on the Geology of Cornwall and Devon ’* :— 
‘If it were not for the occurrence of the hornblende slate in the 
conglomerate of the Nare Point, we might suppose that it [the horn- 
blende slate] was a mass of that trappean or ancient volcanic ash 
which is detected so abundantly amid the grauwacke of Devon and 
Cornwall, upon which the mass of serpentine and diallage rock, now 
nearly covering it up, has been poured in a melted state ; and that 
being thus retained long beneath it in a heated condition, the water 
amid its loose lamine prevented from escape upwards by the hot 
rock above, the hornblendic and felspathic particles of which it was 
composed arranged themselves into crystalline forms, the mass retain- 
ing its original laminated structure.... It must, however, be 
confessed that, unless we suppose the hornblende slate, in the 
conglomerate of the Nare Point, to be derived from some other SCTE, 
this explanation is notso good as could be desired.” 

The blocks in the conglomerate alluded to are said by De la Beche, 
in another place (Report, p. 94), to be ‘‘ generally decomposed,” and 
his correlation needs confirmation, especially by the modern methods 
of microscopic investigation ; but even if the rocks which supplied 
the boulders were satisfactorily shown to be the hornblende- 


* Report, p. 34. 
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schists of the Lizard, it would prove no more than that the hornblende- 
schists are of great geological antiquity (they have been referred to 
the Archean age by Professor Bonney *), and this fact would not 
stand in the way of our assigning a volcanic origin to them. 

Professor Bonney, in his second paper, ‘‘ On the Hornblendic and 
ether Schists of the Lizard District” T, was the first to point out “ that 
in addition to the ‘ talco-micaceous ’ schists of De la Beche and the 
normal hornblende-schists there is a third group” (the ‘ granulitic ’) 
which was, he supposed, ‘‘ deposited by rather variable currents in 
waters of no very great depth” +. 

In his annual Address as President of the Geological Society, in 
1886, Prof. Bonney gave a summary of his conclusions regarding the 
metamorphic schists of the Lizard, part of which it is desirable to 
to quote :—‘*In the lowest series [viz. the micaceous] bedding is 
indicated by distinct mineral changes visible to the eye in the field, 
and fully confirmed by microscopic examination. In the upper 
series [viz 1n the ‘ granulitic’ group] there is just the same 
rapid alternation of bands widely differing in mineral character 
that I have described in the melanite-schist series of Val Piora. 
Hence, if we were to give up the false-bedding which I have 
described in the middle group [viz. the hornblende-schist group] 
(though, after careful reconsideration, I feel it very difficult to explain 
this as the result of mechanical movements), and were to assume the 
whole group to be a mass of crushed dolerites affected by mineral 
changes (which a part may very well be), still there is, above and 
below this, evidence of stratification. Further, even if we reduce 
the apparent bedding throughout to gliding planes, and suppose the 
whole series to be some extraordinary complication of mashed-up 
igneous and sedimentary rocks (which I regard as most improbable), 
there can, even then, be no question that this rolling out, this meta- 
morphism of the most exaggerated kind, is anterior to the intrusion 
of the peridotite (now serpentine), the gabbro, and the granite, from 
which all signs of crushing (save some local disturbance near a fault) 
are absent ” §. 

Mr. J. J. Harris Teall, F.G.S., on the other hand, in 1887, expressed 
the following opinion :—*‘ I submit, therefore, that the rocks of the 
Lizard District referred to in this communication ||, and which con- 
stitute the greater portion of Prof. Bonney’s granulitic series, are of 
igneous origin, and that the parallel structure which characterizes 
many of them has nothing to do with stratification in the ordinary 
sense of the word, but is a consequence of the deformation to which 
the original rock-masses have been subjected. It is undoubtedly 
true, as Prof. Bonney has pointed out, that many of the rocks are 
largely composed of broken crystals, and may be said therefore to 
possess a clastic structure, if we use the term clastic in its etymolo- 


* Quart. Journ. Geol. Soc., Ann. Address, 1886, vol. xlii. Proce. p. 86. 
t Ibid. vol. xxxix. p. 1. 

{ Loe. cit. pp. 2, 5. 

§ Ibid. vol. xlii. Proc. p. 86. 

| ‘On the origin of certain Banded Gneisses,” Geol. Mag. 1887, p. 491. 
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gical sense. But there is no proof that the fragments have been 
deposited as such. The original minerals may have been broken 
during the deformation of the rock-masses. This, I believe, is what 
has actually taken place. The structures are of the kind for which 
Prof. Kjerulf has proposed the term cataclastic.”’ 

Still more recently Mr. Alexander Somervail, in communications 
to the ‘ Geological Magazine ’ *, asserts the “‘ igneous origin” of the 
whole of Prof. Bonney’s granulitic group, and he points to the dyke 
in serpentine at the extreme north end of Pentreath Beach as a por- 
tion of this “ granulitic group,” and states that, “at the west end of 
Kennack Cove, the dykes cutting the serpentine are seen to coalesce 
with the granulitic rocks forming the foreshore.” Mr. Somervail 
concludes that the granite, diorite, and other varieties of rock speci- 
fied in his paper “ have been differentiated out of the same magma 
during the cooling process, the ordinary selective law of chemical 
affinity separating the basic from the acidic types.” He adds in a 
subsequent communication f that he does not know any separation 
between the beds of the “granulitic” group and the hornblende-schists 
save in the extremes of their compositions.” 

The above extracts show that the geology of the Lizard District 
is still in a very unsettled state in respect to some material points. 


Hornblende-schists. 


I pass on now to offer some remarks on the hornblende-schists. 

These rocks, in the area covered by this paper, namely the coast- 
line from the Lion Rock, Kynance Cove, on the west coast, to 
Kennack Cove on the east coast, are bedded crystalline schists in 
which the foliation is strictly parallel to the bedding. ‘The dip is, 
on the whole, very flat, and being nearly flatit wavers about con- 
siderably, ranging from W.N.E. (magnetic) round by H.N.E. and 
EK. to 8.8.E. 

_ The following table (p. 522) gives a summary of the result of the 
microscopic examination of 16 samples of schists from the horn- 
blende-schist area. 

The first point to be noted, and the result was a surprise to me, 
is that none of the samples entered in the above list contain quartz. 
In this respect they present a striking contrast to the rocks of the 
granulitic group (a microscopic analysis of which is given further 
on, p. 532) and the rocks of the metamorphic series below the horn- 
blende-schists. 

The next point to be observed is that all the samples, without 
exception, contain felspar. This mineral forms the base in which 
the other minerals are set ; much of it exhibits the twinning of the 
triclinic system, but, as a rule, it is much kaolinized or in other ways 
altered. Here and there it is water-clear, but the presence of poly- 
synthetic twinning, or the character of the interference figure in con- 
verging polarized light, shows conclusively that the clear mineral is 
felspar and not quartz. 


* Geol. Mag. 1888, pp. 46, 553. 
T Ibid. 1889, p. 96. 
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Table of Hornblende-schists. 


Sphene, it will be seen, is present in nearly all the specimens ; 
apatite may be detected in 7 out of the 16 samples, whilst iron, in 
the form of magnetite, pyrites, or ferrite, is common. 

Carbonate of lime occurs in four slides; epidote in two; mica 
and analcime in one each. 

The most unexpected mineral found in these schists is malacolite or 
a colourless augite; it occurs in five of the specimens entered in the 
foregoing list, and as its presence in the hornblende-schists of the 
Lizard has not hitherto been noted, it may be as well to give some 
details regarding it. No.3 of this list was taken from the top and 
extreme edge of an inaccessible cliffat Penolver Point. This is a some- 
whatremarkablerock; macroscopically examined it does not materially 
differ in appearance from an ordinary hornblende-rock in which the 
foliation is obscure ; but under the microscope it is seen to be a finely 
granular mixture of felspar, augite, hornblende, and sphene. It is 
perfectly holocrystalline in structure. The augite is in rounded gran- 
ules and it is almost as abundant as the felspar. The hornblende isa 
secondary product and it is more abundant along one zone than in the 
rest of the slice. Indeed this tendency of the hornblende to arrange 
itself in zones constitutes what there is of foliation in the rock. The 
augite and felspar exhibit no parallelism in the mutual arrangement 
or in the orientation of their crystals. The slice supplies abundant 


* This includes ilmenite and ferrite. 
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evidence that the hornblende is a secondary product after augite ; for 
the conversion of the one into the other may be distinctly traced, and 
the predominance of the hornblende in some zones, more than in 
others, indicates that the augite was converted into that mineral more 
freely along certain planes than in the spaces between them. 

The three specimens that follow in the list were taken from a 
quarry on the roadside, between the Landewednack Church and 
Church Cove, which is worked for road-metal. The rocks here are 
quite typical hornblende-schists. The fourth specimen was taken 
from the landing-place in Church Cove, and belongs to a slightly 
lower horizon than the rocks in the quarry. Under the microscope 
these four specimens are seen to be distinctly foliated rocks, fels- 
pathic bands alternating with bands in which the felspar is sub- 
ordinate to hornblende. The remarkable feature in these slices is 
that they contain an abundance of augite, the latter mineral being 
restricted to the felspathic bands. 

The pyroxene in the above specimens, which appears to belong 
to the species malacolite, is colourless in thin sections, but it has a 
faint greenish tint in thick slices. It possesses no dichroism ; it is 
occasionally traversed by little canals of aqueous origin similar to 
those so commonly seen in olivine and enstatite; it is occasionally 
idiomorphie, and still more frequently exhibits the characteristic 
cleavage-lines of augite. The sections that show well-marked 
cleavage-lines intersecting each other at an angle within two or 
three degrees of 90° exhibit interference-figures in converging 
polarized light, and the major axis of elasticity bisects the obtuse 
angle of the rhomb formed by the lines of prismatic cleavage. These 
facts show that the mineral is augite and not epidote. The following 
sketch of a crystal taken from one of my slices will, I doubt not, be 
recognized by petrological microscopists as that of an almost typical 
augite. 


Fig. 1.—Section of an Augite Crystal partially surrounded by 
Hornblende. 


In case, however, any doubt should linger in the minds of those 
who have not had an opportunity of critically examining these slices. 
regarding the presence of malacolite in them, I may mention that 
I showed all my specimens to my friend Mr. J. J. Harris Teall, F.G.S., 
and he had no doubt as to the identification of this mineral. More- 
over, he was kind enough to re-examine some of his own specimens 
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of ‘hornblende-schists from Polurrian, Cadgwith, and Hot Point, 
situated on the east and west coasts of the Lizard, and found that 
they also contained good specimens of malacolite. It is clear, then, 
that the presence of pyroxene in the hornblende-schists of the Lizard 
is not a mere local peculiarity limited to one place. 

The extracts from the writings of previous observers given 
in the preceding pages show that the idea of attributing an 
original volcanic origin to the hornblende-schists of this district 
naturally suggested itself to those first in the field; and I think 
the study of these rocks under the microscope goes a long way 
to confirm this diagnosis. Not only are all the minerals found 
in them, minerals commonly found in rocks of volcanic origin, but 
the microscope strongly supports the inference that the hornblende, 
which now enters so largely into their composition, is a secondary 
product after augite, and that the beds, when originally deposited, 
were composed principally of felspar and pyroxene. Malacolite 
may be seen in the thin slices described above in every stage of 
conversion into hornblende. Not only are malacolite-crystals sur- 
rounded by hornblende, but in many cases a single crystal may be 
seen to consist in part of augite and in part of hornblende. 

De la Beche, we have seen, was disposed to regard the hornblende- 
schists as ““a mass” of altered “ancient volcanic ash” which is 
““to be detected so abundantly amid the grauwacke of Devon and 
Cornwall;” and I think it highly probable that not only the 
hornblende-schists but also a portion of the “granulitic group” 
were originally made up of volcanic ash intermingled with 
beds of lava. The origin of ancient rocks so highly altered as the 
Lizard schists are, must be more or less a matter of inference. 
Direct proof is out of the question; but the available evidence 
points, I think, in one direction and in one direction only. The 
absence of free quartz is very much against the supposition that 
they were originally sedimentary rocks of an ordinary character ; their 
mineralogical contents strongly suggest an igneous origin of some 
sort; whilst the fact that they are bedded indicates that they belong 
to the volcanic, and not to the plutonic class. 

But, admitting their volcanic origin, to what agency are we to 
attribute the present foliated and banded appearance of the horn- 
blende-schists? I have searched in vain for evidence to show that 
the banding is due to dynamic deformation after the consolidation 
of the rocks. The hornblende-schists and the “ granulitic”” group, 
it is true, are cut up by numerous small faults; they are cracked, 
and portions of them have been forced to slide over other portions ; 
but these slidings have been for short distances and the throw of 
the faults seems, as a rule, to have been small*. I have examined 
under the microscope the junction of sliding planes in two cases; 
but no mica was found at the line of contact, and the latter gives no 
evidence of any chemical or mineralogical action having been set 
up by friction. JI have not come across a single faulted felspar in 
the hornblende-schists, and I have not found evidence to prove that 

* Bonney, Quart. Journ. Geol. Soc. xxxix. p. 5, footnote. 
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they were subjected to severe crushing*. Moreover, it is evident 
that the very existence of cracks and fractures shows that the rocks 
which now display these marks of strain must have been rigid when 
the fractures took place, and their continued presence demonstrates 
that the dynamic heat developed was insufficient to induce recrystal- 
lization. 

Whatever may be said of other rocks, I find it impossible to 
account for the fine banding of the hornblende-schists on the 
supposition that these bands were produced by a series of sliding 
planes. Not only would the regular succession and alternation of 
these thin bands present a serious objection to the acceptance of 
this explanation, but it is obvious that the shearing of a solid rock 
into such extremely thin layers would have developed heat sufficient 
to fuse the whole mass, in which case it would have lost its banded 
structure and have assumed that of a hornblende-granite. The 
stripes are so sharply defined and thin that several of them can be 
seen in a slice mounted on an ordinary microscopic slide. The 
supposition that these bands were originally thick and were drawn 
out into streaks of thread-like thinness by stretching is not sup- 
ported by the microscopic evidence, and it fails to explain how the 
hornblende segregated into a series of parallel zones. The felspars 
that make up the base of the rock do not exhibit in their orienta- 
tion or shapes the marks of stretching and deformation which are 
strikingly displayed in some of the foliated gabbros of the Lizard. 
The rock is not composed of thin shavings of two or more different 
rocks ; the microscope shows that there is no difference in substance, 
or structure, between the base of the white and the base of the 
black bands ; the rock seems to have originally been a homogeneous 
one, and the banding to have been produced at a later stage in its 
history by the segregation of the hornblendic element in planes 
parallel to the bedding. The main question seems to me to be, 
How has this segregation of hornblende been produced ? 

One of the most important agents in bringing about the banding 
of the Lizard hornblende-schists appears to me to have been water. 
The rocks themselves, when interrogated with the aid of the micro- 
scope, give abundant evidence of the presence and action of water, 
and the competence of this agent, aided by heat and pressure, to 
bring about great mineralogical and structural changes can hardly 
be doubted. Indeed, the Lizard rocks have been penetrated by 
and have yielded to the action of aqueous influences so completely 
that they may almost be said to have been stewed in water. The 
Lizard serpentine which covers so large an area, and which still 
bears on its bosom so many traces of the potent agent that reduced 
this ancient peridotite to its present condition, may be appealed to 
with confidence to prove the truth of this assertion. 

Water—and I omit for brevity sake all allusion to the carbon 
dioxide and other chemical reagents with which it is usually charged 
—appears to penetrate rocks through such fine pores that, more 
often than otherwise, its former presence can only be inferred from 

* See also Bonney, ante. 
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the effects it has produced. Such minerals as olivine, enstatite, and, 
less commonly, augite are, indeed, frequently scored with the canals 
formed by the aqueous agents of decomposition in their passage 
through them ; but we can seldom trace the channels through which 
they gained access to these minerals. The Lizard rocks, however, 
seem to have been so completely penetrated by heated water that it 
has worn numerous canals in the body of the rocks themselves by 
which its former presence may be directly traced. Channels now 
stopped with fibrous or amorphous serpentine, with calcite, chlorite, 
steatite, and other products of aqueous action, may be seen wending 
their sinuous course in all directions, here widening into a lake-like 
expanse, there contracting into anarrow canal. In other places the 
channels through which the liquid that effected the decomposition 
of the felspars sapped its way may be distinctly traced by the 
fringing lines of magnetite, ferrite, or limonite, left, like sea-weed 
on the shore, to mark the margin of the once flowing streams. 
On either side of these streams we may also observe how the 
liquid overflowed its banks—to continue the metaphor—and flooded 
the felspars on either side, converting them into the isotropic sub- 
stance that now stops the canals themselves. The following illustra- 
tions (figs. 2, 3) represent one of these canals. The left-hand sketch 
shows the canal as seen in ordinary transmitted light, the right- 
hand one gives the same canal with a portion of the surrounding 
felspar in polarized light. 


Fig. 2.—Canal in Fig. 3.—Canal under Polarized 
Hornblende-schist. Laght. 
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The illustration given in fig. 4is a sketch of a portion of one of the 
meandering streams alluded to above. The lower portion of a large 
lake-like expanse filled with serpentinous matter is shown at e. 
Below this the main stream follows a winding course until it strikes 
the crack c-d, which dies out at d, follows it for a little distance 
and then striking off from it, makes its way into another lake, the 


AND BANDED CRYSTALLINE ROCKS OF THE LIZARD. 527 


beginning of which is seen at f. Atg a second more imperfectly 
marked stream is seen flowing from ¢ to f. The presence of 


Fig. 4.—Serpentinous Streams. 
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chlorite, calcite, limonite, analcime, and epidote (which usually con- 
tains over 2 per cent. of water * in its composition) affords presump- 
tive evidence of the action of water ; for these minerals are commonly 
found in the amygdules of lavas; and it is worth mentioning that 
some cracks in the rocks under description in this paper contain horn- 
blende, plagioclase, and sphene, from which I infer that they also 
may sometimes be formed in what Bischof terms the “ wet way,” a 
fact that has already been demonstrated by that author in respect 
of felspar, and less clearly shown in the case of hornblende 7. 

I shall have to allude to the case of hornblende and felspar further 
on, but I may mention here that the agency of water in the con- 
version of augite into hornblende may be distinctly traced in the 
slices that still contain pyroxene, for the canals left by the percola- 
tion of the water may be clearly observed in the hornblende when 
examined with a +t-inch objective. Countless instances of this may 
be seen. 

These slices also afford evidence that, in some cases at all events, 
the mica found in them has been formed in the wet way. One 
specimen in particular, a fragment from the “ granulitic ” group at 
Kennack Cove, deserves especialattention. Macroscopically considered, 
this looks very much like a fragmental rock and seems to consist of 

* J.D. Dana’s ‘ System of Mineralogy,’ 5th ed. p. 283, and E. S. Dana’s 
‘Text-Book,’ 2nd ed. p. 285. 
t ‘Elements of Chemical and Physical Geology,’ by Gustav Bischof. 
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felspars set in an interstitial paste. Under the microscope it is 
seen to consist of decomposed felspar through which water has 
percolated in all directions. These streams are always winding and 
tortuous except when, here and there, they have temporarily fol- 
lowed the course of a crack. These streams, which alternately 
widen out into broad lacunz and contract into narrow channels, 
are marked by fringing borders of opacite, limonite, and magnetite, 
and they are stopped in part by an isotropic serpentinous mineral, 
and in part by a rich red, strongly dichroic mica, which, in every 
case, is orientated in the direction of the serpentinous stream that 
contains it, the basal cleavage of the mica being strictly parallel to 
the sides of the stream. Whatever view may be adopted regarding 
the origin of this rock, there can, I think, be no doubt that the mica, 
like the serpentinous matter that surrounds it, is a secondary pro- 
duct of aqueous action. 

The access of water to solid rocks and the heating of this water 
in rocks deeply buried under superincumbent strata are ideas which 
are so familiar to geologists that I need not spend any time on this 
branch of the inquiry, but pass on to point out how heated water 
may have produced the banding of the Lizard hornblende-schists. 

I need also, I should think, devote little space to showing the 
high probability that fine-grained ash-beds of subaqueous origin*, 
after consolidation by the pressure of superposed deposits, would favour 
the passage of underground water along the planes of lamination 
more readily than in a direction perpendicular to those planes. 

When inspecting jails in India, the process of paper-making by 
hand interested me much and furnished an illustration capable of a 
geological application. The material of which the paper is made 
floats in a vat of water. A sieve is plunged into this vat, and the 
pulpy matter suspended in the water is allowed to settle on it for 
a few seconds. As soon as the requisite thickness is attained the 
sieve is withdrawn, and the newly formed film is there and then 
deposited on a heap of similar films until a large block is formed. 
One would naturally expect the whole series of wet films to con- 
solidate into an amorphous lump, but, contrary to one’s expectations, 
sheet after sheet is removed without difficulty, and after having been 
dried in the sun, is polished and used as writing-paper. This process 
has often struck me as a pretty illustration of how pauses, of even 
short duration, in the deposition of sedimentary rocks may help to pro- 
duce a fissile structure. This tendency, moreover, would be greatly 
increased by the compression caused by the weight of superposed 
strata. The slates of the Himalayas are nearly all lamination- 
slates, but they are as truly fissile in the direction of the lamina- 
tion as English slates are in the direction of cleavage. 

Let us suppose that fine-grained ash-beds divided by planes of 
sedimentation, or of cleavage parallel to the bedding, were subjected 
to the action of heated water in which a periodical movement, however 
languid, had been set up (see fig.5). During the pauses in the flow, 
the heated water in the plane (a—b) would percolate by gravitation and 


* See Bonney, ante. 
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capillary attraction into the space (e-f). Similarly the water that 
had been flowing along (c-d) would find its way into the space 
below it. As a result of this slow percolation chemical action 
would be set up in the body of the rock between the planes of 
lamination. Nowsuppose the flow along the planes (a—d) and (c-d) 


ice os 


Cc 


were to be reestablished, the liquid in the rock above (a—b) would 
be drained off by (a—b) and the water in the space (e—/) would be 
drained by (c-d): for the flow along (a—6) and (c-d) being more easy 
than in a transverse direction, the supply from (a—5) into (e-f), and 
from (c-d) into the space below, would decline, and the force of 
gravity would carry the water in (e-/) downwards into (c-d). 

That such periodical currents would be established in water- 
bearing strata adjoining the roots of active volcanoes I think highly 
probable. Considering the amount of water in the form of steam 
given off by active volcanoes, and considering the tremendously 
explosive character of the periodic discharges from some craters, 
powerful suction must, I think, follow each explosive discharge, 
which must affect the water-bearing strata in which the roots of 
volcanoes are planted. This powerful suction* and pumping action 
is sufficient, it seems to me, to account for a periodic capillary flow 
of water in strata within the range of a voleano’s influence com- 
parable, as regards the character of the flow, with the circulation of 
fluids in the tissues of animal and vegetable bodies. 

That our ancient volcanoes did, as a matter of fact, exhibit ex- 
plosive action of the most powerful kind and on the most extensive 
scale, no one can doubt who has examined the extensive deposits 
of the Charnwood Forest, which range from the finest ash to coarse 
agglomerates in which the blocks are several feet in diameter. Prof. 
Bonney and others tell us that the Charnwood-Forest deposits be- 
long to the Archean series; and at all events no one will deny that 
they belong to a pre-Carboniferous age. 

In these Charnwood-Forest rocks ash predominates and lava-beds 
are very subordinate. Ash-beds, moreover, according to the Geo- 
logical Survey Report already quoted, are to be found in abundance 
in Cornwall itself, and the beds that contain them are as old, according 
to present received opinion, as the Ordovician age. 

That water has flowed, or percolated. through the Lizard horn- 
blende-schists in the direction of the banding is not altogether a 
matter of inference or theory. In the following illustration (fig. 6) 
I give a sketch taken from one of those banded hornblende-schists. 


* The vigour of the response to this suction would, of course, depend on the 
porosity of the rock and the “ head” of the water permeating it. 


QP Gas) No. 179, 2p , 
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The passage of water from the upper felspathic band (a—b-c) to the 
lower felspathic band ( f-g-h) by the channel (6-q) through the dark 
hornb lendic band (d—e) is clearly demonstrated. The fact that the 
liquid that effected the decomposition of the felspar also flowed 


Fig. 6.—Passage of Water through Banded Hornblende-schists. 


along the bands (a—b-c) ( f-g-h) is shown by the hard marginal line 
left by this liquid along the border of the hornblendic band (d-e) by 
the formation of a secondary product of decomposition, opaque in 
transmitted, and dead white in reflected light. 

I suppose, then, to conclude my remarks on this branch of the 
subject, that the banding of the hornblende-schists was produced 
by the capillary flow. or percolation, of heated water through the 
rocks in two ways, namely, by the leeching out of unstable minerals 
(such as pyroxene) from the spaces between the planes of lamination, 
and by the formation of comparatively stable minerals (such as 
hornblende) along these planes. 

Numerous illustrations of the growth of hornblende in the “ wet 
way ”’ are contained in the thin slices under description. In three 
of my specimens of diorite cracks were formed which in some cases 
divided crystals of hornblende in half, and in others separated ad- 
joining crystals, the severed hornblendes being left on opposite sides 
but at the extreme margin of the cracks. In both these cases the 
cracks have been bridged over, not by the mineral that stops them 
in other places, but by hornblende. Sometimes this is in the form 
of actinolite needles, and in others in that of substantial crystals. 
In some cases the crystals, split in half by a crack, have been re- 
paired in the most perfect manner by the insertion of hornblende 
in optical] and isomorphic continuity with the severed ends. The 
secondary portion of the composite crystal, however, does not ex- 
hibit the dark colour and strong dichroism of the severed portions 
of the original crystal at the two ends of the new crystal. The 
stopping of these cracks is clearly not due to the exudation of 
uncrystallized magma from the body of the rock before its complete 
solidification. The extreme sharpness of outline presented by these 
cracks shows that the crystals in the rock were rigid when the 
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rupture took place, and the fact that the new hornblende which 
joins the severed portions of divided crystals differs radically in 
colour from the old hornblende is unfavourable to the supposition 
that it was supplied directly from the uncrystallized magma prior 
to the consolidation of the rock. The correctness of this inference 
is further shown by the fact that the felspar that stops the major 
portions of the cracks in these specimens is water-clear and presents 
a striking contrast in this respect to the clouded, semi-opaque, and 
highly decomposed character of the felspar in the body of the thin 
slices. Undoubtedly these cracks were stopped by a secondary 
process after the consolidation of the rock ; and that this was not a 
dynamic process connected with shearing or friction is shown by 
the fact that the cracks do not exhibit faulting even on a microscopic 
scale. ‘The lesson to be derived from the above examples seems to 
me to bean important one. If we hold a sheet of paper at a slope 
with a magnet under it and allow fine fragments of pounded minerals 
to slide over the surface of the paper, minute fragments of magnetite 
will, if the pounded rock contains magnetite, be arrested by the 
magnet whilst the fragments of other minerals will slide past. <A 
similar polar influence appears to have been exercised by the mole- 
cules of the hornblende-crystals at the edges of the cracks on the 
material in aqueous solution that dribbled past them, and the chasm 
that divided the ruptured fragments of hornblende was thus bridged 
over, 

May we not apply the lesson taught us by these cracks to explain 
the banding of the hornblende-schists of the Lizard, and suppose 
that a like polar influence was exercised by hornblende-crystals 
already formed along the lines of sedimentation, or of lamellar 
cleavage, on the molecules carried past them by the water perco- 
lating through the rock, and that as the water charged with horn- 
blendic material flowed slowly along the planes of deposition, in the 
way suggested, a segregation of hornblende along these lines took 
place and the banding was thus produced ? 

The explanation above suggested is only intended to apply to the 
banding ; for ordinary unbanded hornblende-rocks and hornblende- 
schists it is not necessary to suppose that water flowed through 
the rock in planes parallel to the bedding. Heated water was, I 
see good reason to believe, the principal agent in bringing about the 
conversion of the pyroxene in these old products of volcanic action 
into hornblende ; but if, subsequent to this conversion, the heat 
derived from either plutonic or dynamic causes was sufficient to 
reduce these rocks to a plastic, or semi-plastic, condition without 
actually fusing them, the materials would arrange themselves under 
the pressure of superincumbent strata in a direction parallel to the 
strata. 


The * Granulitic”’ Group. 


I now pass on to consider the “ granulitic” group, and it will be 
convenient, I think, to preface my remarks by giving a summary in 
2P2 
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a tabular form of the result of the microscopic examination of some 
samples of them collected by me. 
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f. Indicates that these specimens are more or less foliated. 
b. Specimens taken from black bands in the granulitic rocks. 
w. Specimens taken from white bands in the granulitic rocks. 


Felspar, it will be observed, is common to all the specimens. It. 
forms the base in which the other minerals are imbedded, and here 
and there it exhibits the twinning of plagioclase. It is generally 
more or less decomposed, but it is occasionally water-clear. 

The felspar in all these rocks affords more or less evidence of 
incipient saussurization ; round patches, opaque in transmitted hght, 
and of pearly white colour in reflected light, have been fermed here 
and there, which have no definite relation to the shape of the crystals 
containing them. Possibly the granular appearance often given to 
the rock by these white spots may have suggested the term “ granu- 
lite.” Ifso it simply denotes the progress of decay and gives no 
clue to the original structure of the rock. 

Mica is another mineral found in all but one of the samples. 
The predominant type is a mica at one end of the scale and a chlorite 
at the other; but it is often difficult to say regarding the interme- 
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diate variety whether it is a mica or a chlorite. This intermediate 
variety is highly schillerized along the cleavage-planes, but the 
spaces between these planes are not green but of an extremely pale 
buft-colour. This variety either does not polarize at all or, more 
frequently, exhibits a peculiar bluish neutral tint between crossed 
nicols. ‘he Lizard granites contain a mineral closely resembling 
the species above described, and [ regard it in both cases as a 
degraded biotite. Some slices of the “granulite” (as also of the 
granites and porphyritic diorites) contain, in addition to this, a rich 
red-brown mica that polarizes brilliantly. 

Apatite is present in all the slices save five, and it is often rather 
abundant. Sphene is found in 12 and quartz in 16 out of the 
23 slices entered in the list. The quartz abounds in liquid-cavities 
with moving bubbles ; and sphene, when present, is usually abundant. 
Hornblende is sparse in one and is wholly absent from 11 slides. 

The microscopic examination (Summarized in the preceding table) 
shows that the “ granulitic” group consists of an intermixture of 
granite and diorite, and it is favourable to the view, detailed below, 
that the white bands in this group are veins of granite injected into 
dioritic rocks from neighbouring eruptive masses. The presence of 
hornblende in some of the granitic portions and of mica in the dio- 
rite is probably due to contact action. 

Compared with the hornblende-schists the “ granulites ” differ in 
their mineralogical contents by the absence of hornblende in 11 out 
of 23 samples; in the presence of quartz in all but 7 of the speci- 
mens; and in the occurrence of mica in all save one, whereas enly one 
of the hornblende-schists contains this mineral. Apatite, sphene, 
-and iron-oxides are common to both series. The quartz in the 
“‘sranulites” is of an essentially granitic type. 

Prof. Bonney regarded the “ granulitic ” group as mainly composed 
of bedded rocks; but Mr. Teall held that true igneous rocks form 
no inconsiderable portion of this group. Both views are, I think, 
correct. Part of the basic portion of the “granulitic” group 1s, 
it seems to me, composed, like the hornblende-schists, of volcanic 
ashes and lavas, which thermo-agueous agencies, succeeded by the 
contact-action of igneous masses, have reduced to a condition which 
renders it impossible, in some cases, to distinguish between them 
and the diorites that have invaded the rocks of this group. 

One of the intrusive diorites is well seen at Polbarrow, where a 
broad dyke of it cuts right across the “ granulitic” group between 
the ruined boat-house and the cliff. Down below veins of it may 
be seen intruding into the ‘“‘granulite.’ This is No. 1 of the 
microscopic summary given further on. It is an excessively tough, 
hard rock. 

Another very interesting and important intruder is the porphyritic 
diorite, to which attention was called by Mr. Teall in a paper read 
before the Geologists’ Association in April 1887 *, and by Messrs. 
Howard Fox, F.G.S., and Alex. Somervail, in a paper read at the 
meeting of the British Association in September of that year f. 


* ¢ Proceedings,’ vol. x. p. 75. t Geol. Magazine, February, 1888, p. 74. 
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The eruptive character of this rock is undoubted. At low water, 
during spring-tides, the reefs outside the island at Polpeor are exposed 
for about a mile from the shore. The porphyritic diorite may be 
seen in these reefs cutting right across the strike of the gneiss. 
Nearer land it is an intruder in the green schists, generally following 
their bedding, but constantly shifting from one horizon to another; 
whilst in the cliffs of the mainland it frequently shows itself at a 
still higher horizon among the micaceous and hornblendie schists. 

This rock is a very frequent intruder in the ‘“ granulitic” group, 
and as it appeared prior to the last intrusion of granite, and has the 
habit, in this group, of following the lines of bedding, its true cha- 
racter might easily be overlooked by an observer who had not made 
himself familiar with it in localities (like the reef outside Polpeor) 
where its igneous nature is evident. 

This diorite is often profusely porphyritic, but sometimes the 
porphyritic crystals of felspar are small or sparse, and occasionally 
they are absent, when it becomes impossible to distinguish it from 
an ordinary diorite. Now and then (as in one or two places in the 
Polpeor cliffs) it becomes foliated. 

The following table gives a summary of the microscopic examina- 
tion of several samples of the “ porphyritic” and other diorites. 


Intrusive Diorites. 
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* Parallelism of structure is developed in No. 2 and No. 14. 
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Much of the felspar is visibly triclinic, and the rest, in which 
polysynthetic twinning is not apparent, presumably belongs to this 
system. 

As compared with the specimens entered in the table of ‘‘ granu- 
litic” rocks (ante, p. 532) the chief difference to be observed is the 
absence of quartz (the Polbarrow trap is the only exception to this 
rule) and the comparative infrequency with which mica is met with 
in the true eruptive diorites. 

Saving in the absence of augite in the above diorites, and the almost 
total absence of mica in the hornblende-schists, there is little or no 
difference in mineralogical composition between the hornblende- 
schists and the true intrusive diorites described in this paper. As 
before stated, there is absolutely no distinction to be made out under 
the microscope in the structure of the ground-mass of some of the 
porphyritic diorites and some of the hornblende-schists—a result 
which wou!d be startling were we not to hold that the latter consist 
of the recrystallized products of volcanic action. 

The difficulty in distinguishing between converted ash-beds and 
intrusive diorite, when the latter inserts itself between the planes of 
lamination, is increased by the fact that granite has been injected 
into the intrusive diorites as well as into the sedimentary beds 
of the “ granulitic” group. This is well seen at Kennack Cove, 
where bands of porphyritic diorite occur abundantly in what is, 
petrologically considered, an ordinary diorite. Both have been 
injected with granite in the way characteristic of the “‘ granulitic ” 
group. 

The rocks of this group are usually spoken of as a banded group, 
and appearances often support the idea that the quasi- banding is a 
regular banding parallel to the bedding. When the eye of the 
observer becomes accustomed to these rocks, however, the banding 
is seen to be extremely irregular 1 character. Not only do some 
of the bands dwindle into strings and die out in the direction of 
their length, but they inosculate, bifurcate, and entangle themselves 
into a complicated network of meshes, and they swell in places into 
broad lacunz, which, in their turn, throw off fine veins in all 
directions. ven where these bands are apparently most regular 
they will often be found, when followed up, to behave like injections. 
An example is given in fig. 7 below. 


Fie. 7.—Forked Band in the Granulitic Group. 


The above description shows the unstable character of the 
quasi-bands when examined in the direction of their length. In 
the direction of their breadth their extension is equally unlike that 
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of regular banding. For instance, I observed near the Lion Rock 
a jutting cliff of the “‘granulitic” group injected in the usual way 
with numerous granite-veins on one of its sides, none of the quasi- 
bands, however, intruding so far as the opposite side of the rock. 
The same thing may even be seen in one of my hand-specimens. 
In the latter only the strongest of the veins have penetrated right 
through the substance of the specimen from side to side. This 
condition of things is exactly what might be anticipated on the 
hypothesis of injection ; for at a certain distance from the focus of 
injection, which would vary in each case with the force of propulsion, 
we should expect to find that the resistance offered by the dioritic 
rock would overcome the piercing power of the granite. 

The process of injection was doubtless aided by the partial plasti- 
city of the dioritic rocks—a plasticity induced probably by the 
neighbourhood of igneous masses, for it seems to have been local in 
its development. It would also have been aided in the case of 
consolidated ash-beds—especially in submarine ash-beds—by the 
planes of sedimentation, and in the ease of diorite intruded as sheets 
by the foliation developed in a direction parallel to the bedding. 
The existence of such planes of weakness would explain why the 
injected granite displayed a tendency to follow lines parallel to the 
bedding, and in doing so produced the superficial appearance of 
banding. 

The remarks offered under the head of hornblende-schists on the 
application of the hypothesis of deformation to the explanation of 
the fine banding of those rocks apply generally to the banding of the 
“ sranulitic” series and need not be repeated. Suffice it to say that 
I have not observed anything in the microscopic structure of the 
rocks under description to support the application of the deformation- 
hypothesis to the “ granulitic” group. ‘lhe quasi-banding described 
is consistent with the theory of injection; but I do not see that it 
can be reasonably accounted for by any process of deformation. 

Figs. 8 and 9 are woodcuts of two hand-specimens from Kildown 
Cove *. Had I been able to take photographs of rocks in situ, more 
striking illustrations might have been given, but figs. 8 and 9 may 
be accepted as fair samples of the structure under description. 

In the case of injections into the porphyritic diorite the thin veins 
of granite are deiiected from their course by the porphyritic 
crystals. In oneinstance 1 found that the felspar that had deflected 
a vein was about three inches long, and it was orientated nearly at 
right angles to the vein (as shown in fig. 10), an incidental proof, 
it seems to me, that the velming was not produced by dynamic 
deformation. The shearing or crushing that could have reduced a 
lump of granite to an attenuated string would have crushed the 
felspar to a flat wafer. 

Mr. Teall, in his paper already quoted from the ‘ Geological Maga- 


* One of these illustrations was photographed on the block; in the case of 
the other this process could not be employed, owing to the red tint of the 
granitic veins. 
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Fig. 8.—Hand-specimen of “ Granulite,” Kildown Cove. 


Fig. 9.— Hand-specimen of “ Granulite,” Kildown Cove. 
Granitic veins in porphyritec drorite. 
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Fig. 10.—*“ Granulite,” Kildown Cove. Granitic vein deflected by a 
porphyritee felspar. 
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zine,’ has given a photograph of a portion of an intrusive vein in a 
cliff at Pen Voose. As I desire to note one or two important facts 
not heretofore brought to notice regarding this vein, I give a rough 
sketch of it below. The veins shown at ¢¢e are very thin and very 
numerous*, The “ granulite” here is a holocrystalline diorite, but I 
was not able to discover any break between it and the rocks of the 
“ oranulitic ” group which show in force in this cove. 

I may observe in passing that the granite is distinctly foliated at 
A’, but the foliation dies out towards A*. The direction of the 
foliation is indicated by a double arrow. Some of the fine veins 
are also foliated, the foliation being parallel to their sides. Now 
the point to be noted is that the dioritic rock (b’, B) and the gabbro 


Fig. 11.—Intrusive Vein in Cliff at Pen Voose. 
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at D give no indication of foliation either in the field or under the 
microscope. I have examined specimens of the granite taken from 
a, and of the diorite taken from the point marked 6—the places 
being only a few inches apart—but though the granite is very dis- 
tinctly foliated, the diorite does not show the slightest trace of this 
structure 7. This fact has, I think, an important bearing on the 
question of the foliation of the Lizard rocks. We need not go 
further than the Lizard to learn that diorite and gabbro put on 
foliation with great ease—more readily, probably, or at any rate as 
readily, as granite—and that being so the fact that the granite is 
foliated, but the diorite and gabbro on either side of it are not foliated, 
seems to me to lead to the unavoidable conclusion that tke foliation 
of the granite was produced prior to its perfect consolidation. The 
granite was the last of the three eruptive rocks to appear, and had 


é 


* The exigencies of a small woodcut necessitated their being reduced in num- 
ber and increased in relative thickness. 

t The foliated granite alluded to will be found under Nos. 20, 21 of the ‘‘ gra- 
nulitic” group table (p. 532), and the diorite taken from (2) under No. 12 of 
the same list. 
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the foliation of the granite been produced by pressure after it had 
completely cooled, the diorite and the gabbro could not possibly have 
escaped putting on a foliated structure. If the thin veins of granite 
yielded, why not the diorite between them? 

At Holestrow, and north-west of Pentreath Beach, the rocks that 
crop up on the sea-shore are, I think, as suggested by Messrs. Fox and 
Somervail in their paper read before the British Association in 1887, 
a part of the “granulitic” group. They certainly resemble the 
rocks of this group very closely and they occur here, and further on 
near the Lion rock, in their normai position * next the serpentine— 
facts that cannot be alleged of the dykes of intrusive rocks in ser- 
pentine at North Pentreath, which are also claimed by Mr. Somervail 
as a portion of this group. At North Pentreath, where the serpentine 
cliffs touch the shingle of the beach, at the east side of the chine, 
the serpentine is cut through by several veins of intrusive diorite, 
which pierce it in various directions, but, at least, one of which strikes 
up the hill. These veins are cut across by a strong vein of granite 
(here very felspathic), which after running a course approximately 
parallel to the sea-shore also turns upwards towards the main dyke 
of granite described by Prof. Bonney in his first papert. These 
veins of granite and diorite do not intermingle. Higher up, where 
the granite appears in force, it contains at least one included block 
of diorite—a block so sharply angular that its character can hardly 
be mistaken. A little above this there is a mass of diorite, one side 
of which is buried under grass, of which it is difficult to say whether 
it is a collection of transported blocks, or whether the granite in its 
upward course impinged against the side of a dyke of diorite. 
Whichever be the true explanation, one point is perfectly clear, 
namely, that the granite is younger than the diorite, for the latter 
is penetrated by very numerous tongues and veins of the former. 
At this point the granite disappears, but the diorite reappears further 
up the hill-side as a thickish vein in serpentine. 

The space that intervenes between these dykes of intrusive rocks 
and the outcrops of the ‘‘ granulitic” group is covered by shingle and 
boulders, and no direct connexion is to be made out between them. 
These dykes do not resembie the “‘ granulitic ” group, as they are not 
banded. We have at North Pentreath simply an example of what 
I have very often seen in the Himalayas, namely, of granite following 
the course of a dyke of eruptive diorite for a short distance. 

At Kennack Cove the facts are very similar to those of North Pen- 
treath. In the illustration given below (fig. 12) I have depicted two 
dykes of diorite (D*, D*) and two dykes of granite (G', G*) intrusive 
in serpentine. The sketch represents diagrammatically a section of 
the serpentine cliffs on the sea-shore at. the west end of the cove. 
G* is about ten yards distant from G? at the base of the cliff. Could 
we trace the course of the diorite-dykes (D', D?) downwards we should 
probably find that they constituted the two bifurcations of one 

* I do not mean by this expression to indicate their geological sequence, only 


tnat in the field they are commonly found next the serpentine. 
ft Quart. Journ. Geol. Soc. xxxiti. p. 887. 
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dyke. Similarly the two granite dykes (G', G) had probably an 
underground connexion with each other at the time of eruption. 
This, however, is a mere matter of inference, as owing to shingle 
and boulders on the sea-shore (not to mention the two fauits) their 
onward course cannot be traced, nor can they be directly connected 
with the outcrop of the ‘“‘ granulitic” group on the foreshore. 


Fig. 12.—Diorite- and Granite-dykes intrusive in Serpentine, 
Kennack Cove. 


S, serpentine; c,c, gabbro; D', D?, diorite; G1, G*, granite; f, f, faults. 


At G?’, D* we see the diorite and granite running separate courses 
through the serpentine; at D', G’ the granite has followed the 
diorite, and for a short distance they have held a common course. 
This circumstance, taken alone, is insufficient to justify our calling 
D', G* an intrusive dyke of “ granulite.” 

Mr. Somervail states that at the west end of Kennack Cove “ the 
dykes cutting the serpentine are seen to coalesce with the ‘ granu- 
litic’ rocks forming the foreshore.” My last visit to the cove was 
made at a time particularly favourable for observation. It was at 
low water at spring-tide, and recent storms had swept away accumu- 
lations of sand and shingle to such an extent that Mr. Fox saw for 
the first time rocks an situ that on every previous visit had been buried 
six feet deep under sand. I saw that the porphyritic diorite had 
intruded profusely into ordinary diorites (presumably the dioritic 
rocks of the “ granulitic” group) and that both had been invaded 
and injected by intrusive granite. Granite-veins may be seen darting 
about in all directions, crossing and recrossing each other at every 
angle, in the porphyritic diorite of the foreshore; but I could not 
directly connect the diorite and granite of the foreshore with the 
diorite and granite of the serpentine-cliffs. The question then arises, 
Are they portions of the same intrusions, or do the diorite and granite 
in the cliffs represent intrusions of one period, and the diorite and 
granite in the * granulitic ” group on the foreshore those of another 
age? This question will best be answered after the consideration of 
two other sections. 

On the occasion of my last visit I was able, thanks to Mr. Fox’s 
able guidance, to reach a very interesting spot, only exposed for a 
short time at spring-tide, on the west coast, about 200 yards east of 
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the Lion Rock, near the mouth of Penzance Cove. No one, I may 
say, should attempt to visit this spot without a competent guide, 
for the ground is laborious and somewhat difficult to get over: the 
cliffs are not to be scaled; and a stranger might run considerable 
danger of being cut off by the tide. 

The ‘ granulitic” group is well seen in this neighbourhood, and 
a study of it here is sufficient to show that the quasi-banding seen 
in it (which closely resembles that of the normal ‘‘ granulite’’) is due 
to the injection of granite. Under Yellow Carn, about 160 yards 
from the Lion Rock, a dioritic rock turns sharp up the cliff and 
apparently emanates from the “ granulitic” rocks seen hard by 
(the actual junction is, I believe, masked by huge boulders). This 
dyke-like mass appeared to me to be a dioritic portion of the 
‘‘oranulitic” group, nipped between two converging masses of 
intrusive serpentine; but it is important to observe that the dio- 
ritic rock does not exhibit banding. Near the junction of this dioritic 
rock and the serpentine I observed several lumps of serpentine that 
looked like truncated tongues. ‘Two of these I was able to trace up 
to within half an inch of the serpentine, from which they were sepa- 
rated by a vein of fibrous serpentine which, to all appearance, has 
been formed by infiltration along a joint. There is, however, so 
much difficulty in distinguishing between an intrusive diorite (when 
non-porphyritic) and dioritic portions of the “granulitic” group 
that I could not feel certain whether these lumps of serpentine were 
tongues or blocks. 

Similar blocks occur in the banded series on the east coast, 
about 200 yards north of the Cavouga rocks. Here the banding 
is, on the whole, more regular than usual, but the dioritic portion 
appears to consist wholly of the porphyritic diorite. The porphy- 
ritic crystals are small, but they are pretty generally disseminated 
through it. The blocks of serpentine alluded to are to be observed 
in this diorite next a mass of serpentine; they vary in distance 
from it from two inches to two feet, and I could find no instance 
in which they are actually connected with it. We have already seen 
that the porphyritic diorite gives evidence at Polpeor and elsewhere 
of being a truly intrusive rock. Within a few yards of these blocks 
of serpentine in the porphyritic diorite the latter appears as an 
intruder in the serpentine *, and the conclusion seems inevitable that 
here, at all events, the blocks of serpentine are not truncated veins, 
but are true inclusions in eruptive diorite. [tis material to note 
further that the thin bands of granitic matter in the diorite are bent 
at their points of contact with these boulders. This seems to be 
quite analogous to the cases, mentioned in the preceding pages, where 
these granulitic veins are deflected by the porphyritic crystals in the 
diorite, and both facts, taken in connexion with the evidence supplied 
by the Kennack foreshore, show that the porphyritic diorite was 
injected with granite after its intrusion into the “ granulitic” group. 


* These dykes are described in Messrs. Fox and Somervail’s paper referred 
to ante. 
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The facts seem to lead naturally to this conclusion, and I do not 
see how it can be avoided. 

This being so, the further inferences seem natural that the eruptions 
of diorite and granite in the cliff at Kennack Cove belong to the 
same period as the intrusions of diorite and granite into the rocks 
_ on the Kennack foreshore, and that the injection of the dioritic rocks 
at Kennack Cove, in the form of quasi-banding, took place during 
the same period. 

If the rocksof the “‘granulitic” group at Kennack Cove and Cavouga 
were injected with granite subsequent to the intrusion of the por- 
phyritic diorite, the same conclusion holds good for those on the 
sea-shore at Holestrow, Pentreath, and under Yellow Carn; but 
the question remains whether the bedded “ granulite” at Pen 
Voose and in that neighbourhood ought not to be separated from 
them, and whether both series, viz. the Pen-Voose ‘“‘ granulites” 
and the Kennack and Holestrow rocks of “ granulitic” aspect, were 
injected with granite during the same or at different periods. On 
these points I think it prudent to suspend judgment for the present. 
There are several matters connected with these questions that require 
elucidation. Faults are so abundant along the coast of the Lizard 
that the apparent relation of the “granulitic” rocks to the horn- 
blende-schists differs materially in different places. 

One more exposure requires to be briefly noted. At the north 
end of Kildown Cove three strips of the ‘“‘ granulitic” group are to 
be seen in serpentine cutting across the root of the Eny’s Head 
under circumstances that give colour to Mr. Somervail’s theory that 
the ‘‘granulitic” rocks have intruded into the serpentine. Prof. 
Bonney’s explanation of this section is that the serpentine is intrusive 
in the “granulitic” group. My own view is that the position of 
the ‘‘ granulitic” rocks here is due to faulting. The more westerly 
of the three strips has the appearance of being faulted against the 
serpentine; for a broad dyke of gabbro that strikes at the “granulite ” 
at a high angle ends sharply at the “ granulite”’ and does not reappear 
in the serpentine on the other side, which it would surely do if 
the “ granulite” had been erupted through the serpentine and its 
contained gabbro. The natural inference is that the gabbro is cut 
off by a fault. 


DiscussIon. 


The Presment noticed the revival of Bischof’s views. The 
supposed ash-beds the late David Forbes was perhaps right in 
considering had been produced by lava issuing into water. 

Dr. Gernre would be reluctant to accept the Author’s conclusions. 
Though he had not examined the ground, he could not believe that 
the rocks there had escaped from the deformation which was so 
manifest throughout Cornwall. 

Mr. Tratt commented on the complexity of the subject. The 
district had been examined by Dr. Bonney, and subsequently by 
himself, and although on some points the Author reconciled the 


AND BANDED CRYSTALLINE ROCKS OF THE LIZARD, 043 


differences between Prof. Bonney and himself, he had also differed 
from both, though perhaps agreeing more with Prof. Bonney. The 
paper followed one read at a previous meeting, where foliation was 
actually taken as evidence of deformation. The absence of mechani- 
eal crushing in the crystals of a rock could not, he believed, be taken 
as evidence that the rock was not due to the deformation of a pre- 
existing rock. Referring to the Scourie dyke, he observed that 
it yielded absolute proof of a holo-crystalline schist produced by 
the deformation of a preexisting crystalline rock. With regard 
to the Author’s speculations as to the banding of the crystalline 
schists of the Lizard, he must confess that he was unable to 
follow them. As to the origin of the series as a whole, he wished 
to remain neutral for the present. The granulitic group supposed 
by Dr. Bonney to be a sedimentary series is considered by the Author 
to be sedimentary with intrusions. He thought no further advance 
could be made on this point until the supposed two series had been 
mapped. Ina paper he had written elsewhere on the origin of banded 
gneisses, he had referred to the granulitic series, and he was not dis- 
posed to modify his view from what he had heard. The granitic and 
dioritic rocks of the series exhibit indubitable igneous relations in 
places, whilst in other places they occur as parts of a banded gneissic 
series. In the banded rocks there are appearances strongly sug- 
gestive of fluxion, and he had proposed that the banding was the 
result, of the deformation of a heterogeneous mass whether before 
or after consolidation, and had illustrated his views by experi- 
ments. There was no limit to the fineness of the banding pro- 
duced by deformation. He believed that when the truth was fully 
out, it would be found that everyone who had worked at the 
district had contributed towards it. 

Prof. Boynsy had examined the schists at an unfortunate epoch, 
and he had consequently fallen into one error. Amongst the banded 
series occurred porphyritic felspar, which he now knew was usually 
indicative of an igneous origin, and he had overlooked several 
masses which he would now be inclined to regard as igneous. 
But after reexamination he was by no means clear as to whether the 
general metamorphic origin of the Lizard rocks can be given up, 
though there is certainly much igneous material therein. Mr. Teall 
had spoken of the association of granite and diorite in two ways, as 
if the rocks occurring in the one case massive, in the other foliated, 
were of the same age; he was not certain about this identity. 
He still thought that in the granulitic series there were rocks very 
difficult to explain, on the view that they are merely crushed- 
out igneous rocks, though what their origin was he was unprepared 
to say. He knew them in other parts of the world, and was not 
satisfied with the dynamic-deformation explanation. We have to 
explain a process curiously imitative of sedimentation. He did 
not think Mr. Teall’s experiments quite reproduced the conditions 
occurring in nature. In regard to both the granulitic and the horn- 
blendic series his difficulty was to account not for the fine, but for the 
broad banding on the mechanical deformation theory. He exhibited 
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a specimen in illustration of this. As to whether the explanation 
the Author gave was actually correct, he was doubtful. He did not 
expect to find malacolite in an ordinary basic rock. Moreover, 
though the mineral augite is unstable, he doubted if its position 
was unstable. Although he believed that much of the Lizard 
rock was sedimentary, he was not prepared to accept concentration 
of material into bands as the Author suggested. He felt sure, how- 
ever, that the Society would thank the Author for the very clear 
way in which he had put his facts and views before them, because 
on so difficult a subject all well-considered hypotheses would tend to 
the discovery of truth. 

Mr. Rourrey thought that in the case of felspar-crystals lying at 
right angles to the planes of foliation and also in some other eases, 
the Author had brought serious difficulties in the way of those who 
accepted theories of mechanical deformation. In the granulitic 
series there appeared to have been something resembling selective 
foliation. He believed that water did play an important part in the 
production of schists. 

Dr. Hicks asked how the Author got rid of all movement in such 
an area as the Lizard. He thought it was far more likely that some 
of the results referred to were due to deposition along lines of cleay- 
age than to sedimentation ; such lines of cleavage showing move- 
ment certainly occurred in this region. He thought the supposed 
granite-vein in the diagram exhibited (fig. 11) might possibly be 
due to secondary segregation. 

The AvurHor remarked, in answer to Dr. Hicks’s observation, that 
the granite was an eruptive vein which had been photographed by 
Mr. Teall, and the eruptive nature of which, he thonght, no one 
doubted. The finer parallel streaks he considered to be also 
eruptive. 

With reference to what Prof. Bonney said, he did not wish to 
suggest that the augite crystals moved about the rock, but that the 
substance was carried in solution and re-deposited, and this he held 
was proved by the fact that in certain cracks hornblende had been 
deposited from water. Commenting upon the objections raised by 
Dr. Geikie and Mr. Teall, his opposition to the theory of dynamic 
deformation was a protest against every case of foliation being given 
as an instance of dynamic deformation. 
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34. The Upper Jurassic Crays of Lincotnsutre. By Tuomas 
Roserts, Esq., M.A., F.G.S., Woodwardian Museum, Cam- 
bridge. (Read May 22, 1889.) 


ConTENTS. 


1. Introduction. 

2. Oxford Clay. 

3. Clays above the Oxford Clay. 
(a) General Description. 
(6) Correlation. 

4, Summary. 


1. IntrRopuctIoNn. 


Tue broad tract of low country which extends from the Humber 
through the middle portion of Lincolnshire, and spreads out into 
the fen-country to the south, is underlain by a thick deposit of clay 
which, in the adjoining county of Cambridgeshire, has been called 
the ‘‘ Great Fen-Clay”*. The lower portion of this great pelolithic 
formation is undoubtedly of Oxford-Clay age, whilst its upper portion 
certainly belongs to the Kimeridge Clay. Owing to the absence of 
beds lithologically resembling those of the Corallian rocks of York- 
shire and the southern and south midland counties of England, no 
division corresponding in age to the Corallian has as yet been made 
out in Lincolnshire. 

Prof. Blake states that the Kimeridge and Oxford Clays here 
form one continuous formation +. In the Survey Memoir on this 
district it is mentioned ¢ that the Corallian group is entirely absent, 
and only the Oxford and Kimeridge Clays are mapped. Jukes- 
Browne goes still further, and states that “in Lincolnshire there 
is nothing to represent the Corallian group, the Oxford Clay merg- 
ing gradually into the Kimeridge Clay” §. H. 5B. Woodward 
mentions that in Lincolnshire, Buckinghamshire, Norfolk, and pro- 
bably Sussex, “‘the Kimmeridge and Oxford Clays come in direct 
sequence,” and he adds that ‘“‘ unless we imagine an unconformity— 
and there is no reason for this supposition—the Coral Rag and 
Calcareous Grit developed in Oxfordshire, Wiltshire, and Dorset- 
shire, are represented by portions of the Oxford and Kimmeridge 
Clays in the districts just mentioned” ||. No attempt, however, has 
as yet been made to separate off a portion which would be equivalent 
to the Corallian of other areas. 


* ‘Seeley.’ Geologist, vol. ii. p. 552. 

t Blake, Quart. Journ. Geol. Soc. vol. xxxi. p. 216. See also Woodward's 
‘Geology of England and Wales,’ 2nd ed, p. 329. 

{ Mem. Geol. Surv. sheet 83, p. 73. 

§ ‘ Historical Geology,’ p. 353. 

|| Proc. Geol. Assoc. vol. iv. p. 266. 
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Fig. 1.—Map of part of Lincolnshire. (Scale ¢ in. to 1 mile.) 
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In 1862, Professor Seeley * divided the “ Fen-Clay” of Cam- 
bridgeshire into :— 
1. Kimeridge Clay. 
2. Ampthill Clay +, which he regarded as Corallian. 
3. Oxford Clay. 


The Ampthill Clay rests on the Elsworth Rock, which was con- 
sidered by Seeley to be “the uppermost zone of the Oxford Clay.” 
He states that “ the upper boundary of the Tetworth [ Ampthill} Clay 
cannot be given with any certainty ” {. 

In the Sedgwick Essay for 1885, it is shown that (1) the Els- 
worth Rock is of Lower-Calcareous-Grit age, (2) the basement-bed 
of the Kimeridge Clay contains numerous phosphatic nodules, which 
give a well-defined upper boundary to the Ampthill Clay. The 
succession in the Upper Jurassic Clays of Cambridgeshire is, there- 
fore, as follows :— 


1. Kimeridge Clay with a phosphatic-nodule bed at its base. 

2. Ampthill Clay, together with the Elsworth Rock, ae. 
ing the onal 

3. Oxford Clay. 


During the past summer the various clay-pits and sections marked 
on the accompanying map (fig. 1) were visited with a view of 
ascertaining whether any clays corresponding to the Ampthill Clay 
occur in Lincolnshire between the Oxford and Kimeridge. Parti- 
cular attention was given to those exposures which are situated in 
the upper part of the Oxford Clays, and the lower portion of the 
Kimeridge Clays shown in the Survey Map (sheet 83) and Blake’s 
sketch map (op. cit. p. 202). It is proposed in this paper to give 
the results obtained during that visit. 

The portion of Lincolnshire occupied by these Jurassic Clays is 
more or less completely covered by drift, and the only places where 
sections can be seen in the clays are the various clay-pits, and occa- 
sionally in the railway-cuttings. Further, some of the drifts are 
largely made up of Jurassic Clays, which are not in place, because 
they contain fragments of chalk and other rocks. Sometimes these 
glacial clays are fossiliferous, and great care has to be taken that the 
fossils obtained in any locality come from the undisturbed clay, and 
not from the drift. 


2. Tar Oxrorp Cray. 


The general character of the Oxford Clay of Lincolnshire is that 
of a dark blue clay, with pyritized fossils and nodules of iron 
pyrites §. Morris|| describes the basement beds in the Casewick 
Cutting, where he recognizes the Kellaways Rock ; a more complete 
account of this subdivision i is also given in the Survey Memoir {. 


* Ann. Mag. Nat. Hist. 3rd ser. vol. x. p. 101. 
+ This clay has also been called the Bluntisham, Tetworth, and Gamlingay 


Clays. 
t Geologist, vol. iv. p. 553. § Mem. Geol. Surv. sheet 83, p. 76. 
| Quart. Journ. Geol. Soe. vol. ix. p. 333. | Sheet 83, p. 73. 
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In Rutlandshire and the southern part of Lincolnshire, Prof. Judd * 
recognizes the following zones in the Oxford Clay :— 


. Clays with Ammonites of the group of the cordati. 
. Clays with Ammonites of the group of the ornati. 
. Clays with Belemnites hastatus. 

. Clays with Belemnites Oweni. 

. Clays with Nucula. 

1. Kellaways Rock. 


Five of these zones are stated to occur in south-west Lincoln- 
shire 7, the sixth (uppermost) being concealed by drift. 

The pits at Bardney, Langworthy, Bishop’s Norton, and south of 
Peaseholme were visited by the author, but the Oxford Clay may 
also be seen in several other localities. The most important sec- 
tions are the following :— 

Immediately to the north of Bardney Station dark blue clays 
are worked for brick-making. These clays have yielded the follow- 
ing fossils :— 


DD CO He OI OD 


Plesiosaurus (phalanges). Pinna, sp. 
Ichthyosaurus (vertebra). Grypheza dilatata, Sow. 
Ammonites cordatus, Sow. Serpula sulcata, Sow. 
Eugenii, Rasp. tricarinata, Sow. 
Cerithium muricatum, Sow. 


The following Ammonites ¢, now in the Jermyn Street Museum, 
are also recorded § from this locality :— 
Ammonites macrocephalus, Sow. 


arduennensis, D’Ord. 
— plicatilis, Sow. 


Ammonites perarmatus, Sow. 
excavatus, Sow. 
biplex, Sow. 


Most of the Bardney fossils are characteristic of Judd’s zone of 
cordati Ammonites. They are also found in the uppermost zone of 
the Oxford Clay of Huntingdonshire. 


* Geology of Rutland, &c. (Mem. Geol. Surv.), p. 232. 

t Geology of S.W. Lincolnshire (Mem. Geol. Surv.), p. 70. 

t Some doubt having been expressed as to the correct determination of these 
fossils, I have taken the opportunity, since the paper was written, of closely 
examining them. 

The two first-named species in the list are correctly given. 

The specimen from which Amm. biplex is named consists of a portion of 
two whorls. The whorls are round, and one of them shows a well-marked 
constriction. Each of the primary ribs is divided into two or three secondary 
ones, and the latter are considerably smaller than the former. This distin- 
guishes it from Amm. biplex, where the divided and undivided ribs are equally 
thick. The specimen is near to, if not identical with, Amm. convolutus dilatatus, 

uenst. 

? The so-called “ Amm. macrocephalus” shows the back and a portion of one side 
of the outer whorl only, and this is very much crushed. The primary ribs are 
less numerous than in a typical example of this species, and are more nearly 
allied to those of a mature Amm. mari@. ‘The specimen is, however, too badly 
preserved for correct determination. 

- The remaining species (Amm. arduennensis and Amm. plicatilis) may be 
correctly named, but the specimens are badly preserved, and do not show 
sufficient characters to identify them with any degree of certainty. 

§ Surv. Mem. sheet 83, p. 77. 
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Clays similar to those of Bardney are stated to occur * in the valley 
near Rand, about five miles north of Bardney. 

At the Langworthy brickyard is a small exposure of dark clays. 
These had not been worked for some time, and fossils were not 
abundant, but the following were obtained here :— 


Ammonites cordatus, Sow. Alaria bispinosa, Phill. 
—— Hugenii, Rasp. Avicula Muensteri, Goldf. 
hecticus, Rom. Gryphea dilatata, Sow. 
i Lamberti, Sow. 


Further north, a short distance east cf the village of Bishop’s 
Norton, dark clays occur, containing Belemnites Owenwi in abun- 
dance, together with :— 

Ichthyosaurus (vertebra). 


Cerithium muricatum, Sow. 
Gryphea dilatata, Sow. 


The occurrence of the first-named fossil in such large numbers, 
places these clays in zone 3 of Prof. Judd, 7. ¢. clays with Belemnites 
Owen. 

About 14 mile east of the last-mentioned pit (4 mile south of 
Peaseholme on Survey Map) is another brickyard showing dark 
blue clays, from which were obtained Belemnites hastatus, Montt. 
(common), a small pyritized Ammonite, and Giryphea dilatata, Sow. 
This pit is on the horizon of Judd’s zone 4. 

Clays belonging to a somewhat higher horizon (zone of ornati 
Ammonites) were met with in a well-boring west of Bishop’s Bridge. 
The following fossils are recorded ¢ from here :— 


Ammonites plicatilis. Ammonites Duncani. 
hecticus, var. canaliculatus, Lamberti. 


The Oxford Clay is also worked in the brickyard 4 mile north-east 
of Timberland Church, Snarford Hill, and 3 mile east of Normanby 
Church §. 

The clays in the above-mentioned sections appear, from their 
fossils, to belong to four of the zones recognized by Prof. Judd in 
South Lincolnshire, and may be arranged as follows in descending 
order :— 


4, Clays with cordatt Ammonites (Bardney and Rand)=Judd’s 
zone 6. 

3. Clays with ornati Ammonites (Bishop’s Bridge)=Judd’s 
zone 9. 

2. Clays with Belemnites hastatus (south of Peaseholme)= 
Judd’s zone 4. 

1. Clays with Belemnites Oweniz (Bishop’s Norton)=Judd’s 
zone 3. 


Further west, the Kellaways Rock has been recognized in several 
localities ||. 
a Survey Mem. sheet 83, p. 77. t In Jermyn Street Museum. 


¢ Survey Mem. sheet 83, p. 78. § Survey Memoir, sheet 83, p. 77. 
|| Zo¢d. pp. 75-76. : 
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3. THe CLhAys ABOVE THE Oxrorp CLAY, 
(a) General Description. 


Overlying the Oxford Clay, with its pyritized Ammonites, is a 
series of clays varying somewhat in their lithological character as 
well as in their fossils. The clays up to the summit of what has 
been mapped as Lower Kimeridge may be conveniently divided into 
four zones. The lowest of these is made up of black clays, which 
usually contain numerous well-developed crystals of selenite. The 
fossils are, as a rule, not abundant, but it will be seen that they 
differ from those in the clays above and below, although several 
species are common to all three. 

The black clays were nowhere seen immediately overlying the 
Oxford Clay, but they are found in several places to the east of 
what is regarded as the uppermost zone of the Oxford Clay (zone of 
cordatt Ammonites). They are easily distinguished from the latter 
by their darker colour, and by their fossils never being pyritized. 

The most southerly point at which these clays were seen is in a 
brickyard west of Hawkstead Hall, where there is exposed 17 
feet of black clays containing numerous crystals of selenite, either 
scattered through the clays or aggregated in masses held together 
by a yellowish ferruginous material. The clays here were unfos- 
siliferous, but in the layer of septarian nodules which occurs in 
the upper part of the section, Ammonites excavatus, Sow., was 
not uncommon. Prof. Blake also records from this pit Ostrea dei- 
toidea and Belemnites nitidus*. 

About half a mile south-east of the village of Bardney (at “C” 
in “ Bardney Common” on Survey Map) is a brickyard in which are 
black shaly clays with minute crystals of selenite. The following 
fossils are fairly common here :— 

Belemnites abbreviatus, M77. 
nitidus, Dollf. 
Grypheza dilatata, Sow. 


In addition to which the following are recorded in the Survey 
Memoir f :— 
Thracia depressa, Sow. 
Cucullza longipunctata, Blake. 
Astarte supracorallina, d’ Ord, 


In the Jermyn Street Museum are some badly-preserved Am- 
monites from this locality, some of which appear to belong to 


Ammonites vertebralis, Sow. 
cawtonensis, Bl. ¢ H. 


Further north, Prof. Blake mentions ¢ that in a well-sinking on 
the Bishop’s-Bridge road, about 14 mile west of the Market-Rasen 
pits, black clays were met with in which Belemnites mtidus and 
Gryphea dilatata were plentiful, together with some reptilian remains 
and Discana Humphriesiana. 


* Op. cit. p. 209: ie sere t Op. eit. p. 209. 
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In a brickyard north of South Kelsey may be seen 15 feet of 
black clays containing numerous crystals of selenite; near the floor 
of the pit is a layer of septarian nodules from which the majority 
of the following fossils were obtained :— 


Ammonites plicatilis, Sow. Gryphea dilatata, Sow. 
decipiens, Sow. Ostrea bullata, Sow. 

Alaria bispinosa, Phil. Pholadomya concentrica, Mom. 

Avicula pteropernoides, B/. ¢ H. Rhynchonella, nov. sp. (near to 

Pecten fibrosus, Sow. subvariabilis). 


Similar clays are exposed in a brickyard about half a mile west 
of North Kelsey station, which yielded the following fossils :— 


Ichthyosaurus (vertebre). Thracia depressa, Sow. 
Ammonites achilles, @’ Ord. Astarte supracorallina, @ Ord. 
-—— plicatilis, Sow. Cucullea contracta, Phill. 
Belemnites abbreviatus, M7//. Avicula, sp. 

Alaria bispinosa, Phill. Pinna lanceolata, Sow. 


Cardium striatulum, Sow. 


In the first railway-cutting east of Brigg are black clays with 
some septarian nodules and a few selenite crystals. Gryphea 
dilatata is very common in these clays, from which also the following 
fossils were obtained :— 

Ammonites cordatus, Sow. Rhynchonella, nov. sp. (near to 


Alaria bispinosa, Phii/. subvariabilis). 
Serpula tricarinata, Sow. 


Prof. Blake also records nine species from this cutting *. 

Further north, in the western half of the Wrawby-Bridge cutting, 
are black clays very rich in selenite. The clays are much weathered, 
but the following fossils were obtained here :— 

Ostrea deltoidea Sow. 


Rhynchonella, nov. sp. (near to subvariabilis). 
Serpula, sp. 


Another cutting, about 1 mile north-west of the last mentioned, 
shows precisely similar clays, with some septarian nodules, which 
yielded the following fossils :— 


Ammonites achilles, @’ Orb. 
Ostrea deltoidea, Sow. 


Prof. Blake also mentions the occurrence here of Gryphea dilatata, 
Belemnites mtidus, and six other species f. 

He also quotes ten species from Wrawby +, which, from its 
position, should be on the horizon of these selenitiferous clays. At 
the present time, however, no section is visible near this village 
except those in the above-mentioned railway-cuttings. 

Leaving aside the consideration of the age of these clays for the 
present, we pass on to a description of the clays which succeed them. 
This second zone is characterized by the presence of Ostrea deltoidea 
in abundance. 


* Op: cit. p. 206. t Op. cit. p. 209. { Op. cit. p. 207. 
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The clays in the brickyard (which is now closed) north of Wood- 
hall Spa le a little to the east of the line of strike of the selenitiferous 
clays of Hawkstead Hall. Professors Blake * and Judd‘ describe 
the clays of Woodhall Spa as being full of Ostrea deltowdea, associ- 
ated with Ammonites serratus (=alternans), Belemnites nitidus, &e. 
The clays in the brickyard west of Barkwith (now closed) are 
stated by Blake to possess multitudes of fragments of oysters f. 
Further north, in the brickyard 2? mile south of Holton-le-Moor 
station, are dark clays with :— 


Ammonites decipiens, Sow. | Ostrea gibbosa, Les. 
Corbula fallax, Cont. Anomia Dollfussii, Blake. 
Ostrea deltoidea, Sow. Serpula tetragona, Sow. 


At the brickyard mentioned above as occurring 4 mile west of 
North Kelsey Station, the workmen informed me that when the pit 
was first opened, a short distance to the east of where they are now 
at work, the clays were so full of oyster-shells (like O. deltoidea 
pointed out to me) that they proved useless for brickmaking. If the 
observation of these men can be regarded as trustworthy, we appear 
to have at this point clays similar to these of West Barkwith and 
Woodhall Spa. 

The selenitiferous clays of the Wrawby-Bridge railway-cutting 
mentioned above are succeeded by dark clays with brownish iron- 
stone concretions and some nodules of iron-pyrites. They may be 
seen on the east side of the bridge, but their junction with the 
underlying clays cannot be seen, because it is concealed by débris. 
These clays are much weathered and fossils are not abundant; 
nevertheless, Ammonites decipiens is fairly common, as well as 
Thracia depressa and <Astarte supracorallina. Prof. Blake also 
records § Ammonites biplex, Cerithium cerebrum, Nucula Menku, 
and Serpula tetragona. 

A brickyard at the south end of the village of Worlaby is opened 
in dark blue somewhat sandy clay, with brownish ironstone con- 
cretions and some iron-pyrites. The following fossils were obtained 
here :— 


Ammonites decipiens, Sow. ] Phaladomya acuticosta, Sow. 
Cerithium forticostatum, Blake. | Ostrea gibbosa, Les. 
Arca, sp. Serpula intestinalis, PAil/. 


Prof. Blake mentions || the occurrence in this pit of Lingula 
ovalis and Ammonites biplex. He considers the clays of Worlaby 
to be the lowest beds of the Kimeridge Clay observed in Lincoln- 
shire, and places them below the selenitiferous clays of Wrawby- 
Bridge cutting, and also of that to the north-west of the latter. 
Lithologically, however, they are identical in character with the 
clays seen in the eastern half of the Wrawby-Bridge cutting. The 
most common fossil present in both is Amm. decipiens, and these are — 
preserved under similar conditions ; ironstone concretions and iron- 
pyrites, not noticed elsewhere in the Kimeridge Clay of Lincoln- 


* Op. cit. p. 210. t+ Quart. Journ. Geol. Soc. vol. xxiv. p. 240. 
t Op. cit. p. 209. § Op. cit. p. 206. | Op. cit. p. 210 
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shire, are found in both localities. Further, the fossils of the clays 
of Worlaby assign them to a higher horizon than the selenitiferous 
clays. 

— the above observations it will be seen that the selenitiferous 
clays are succeeded in the southern part of the district under con- 
sideration by clays containing Ostrea deltoidea in abundance ; whilst 
further north, and probably at a slightly higher horizon, there 
occurs a band of clay with ironstone concretions and iron-pyrites, 
in which Amm. decipiens is fairly common. 

The third zone includes the clays in the pits of Baumber, Langton, 
Market Rasen, and Holton-le-Moor Station, all of which have been 
fully described by Prof. Blake *. There is but little to add to his 
account of these sections. ‘The clays in the brickyard 4 mile west- 
south-west of Hatton (called Langton by Prof. Blake) yielded the 
following species in addition to those recorded by him :— 


Ammonites decipiens, Sow. Pholadomya acuticosta, Sow. 

Cerithium multiplicatum, Blake. Protei, Aq. 

Anomia, sp. Pholadidea compressa, Sow. 

Ostrea gibbosa, Les. Cardium striatulum, Sow. 
leeviuscula, Sow. Corbula fallax, Cont. 


Deshayesia, Buv. 


Arca longipunctata, Blake. 


The fauna of the clays of Langton presents a close affinity with 
that of Market Rasen and also of Baumber. Ammonites alternans, 
which is very rare in the clays below, is very common in this zone, 
and may be regarded as its characteristic fossil. The fauna is much 
richer than that of any other zones of the Kimeridge Clay, over 
50 species being recorded from the above-mentioned localities alone. 

The fourth and uppermost zone of these clays is that which 
occurs in pits near Horncastle 7. At present only two pits are open, 
and these show dark clays with septarian nodules. These clays 
are distinguished from those of the underlying zone principally by 
the absence in them of Amm. alternans, and also by the fossils being 
less numerous and badly preserved. 

The clays occurring between the Oxford Clay and Upper Kime- 
ridge in Lincolnshire may be divided therefore into the following 
four zones, arranged in descending order :— 


4. Clays with Lower Kimeridge fossils, in which Amm. alternans 
is absent. 

3. Clays in which Amm. alternans is common. 

2. Clays crowded with Ostrea deltoidea. 

1. Selenitiferous clays with Ostrea deltordea and Gryphea 
dilatata. 


Nearly the whole of these four zones of clays has been mapped by 
Prof. Blake+ and the Geological Survey § as Lower Kimeridge. 
Prof. Blake subdivides his Lower Kimeridge of Lincolnshire into 
six zones, but his arrangement differs somewhat from that adopted 
in this paper. The clays in the cutting east of Brigg are regarded 

= Opncit. pp:.207,, 208. t Blake, op. czt. p. 205. 
t Op. cit. p. 202. § Sheet 83. 
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by him as on the same horizon as those of Horncastle, Hamil 
ton Hill, and the eastern portion of Wrawby-Bridge cutting *. He 
also states that the fossils of the cutting near Brigg are similar 
to those of Horncastle; but out of the nine species recorded from the 
former locality, five only occur at Horncastle. Gryphea dilatata 
is by far the most common fossil in the Brigg cutting, but it has not 
been found in the clays at the other localities placed by Prof. Blake 
on this horizon. It will also be seen on the accompanying mapT 
that the cutting east of Wrawby Bridge (2) lies east of the cutting 


Fig. 2.—Sketch Map of the Netghbourhood of Brigg. 
(Scale 3 in. =1 mile.) 


\ Q | ieee tees 
\ NN } © Elsham. 


: Railways. 
Probable boundary between the Corallian and Kimeridge Clays. 
1. Cutting east of Brigg. 
2. Eastern portion of Wrawby-Bridge cutting. 
3. Western portion of Wrawby-Bridge cutting. 
4. Cutting N.W. of 3. 
+. Worlaby Brickyard. 


* Op. cit. p. 206. +t Reduced from the 1" ordnance map. 
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near Brigg (1), and since the line of strike of these clays appears to 
be approximately north and south, the clays in the first-named cutting 
must be on a higher horizon than those of the latter. The fossils 
obtained by myself from the Brigg cutting did not include a single 
Lower- Kimeridge species, but all occur in the selenitiferous clays 
further south, and the lithological character of the clays is identical, 
and they also lie on the same line of strike. 

Prof. Blake’s sketch map* is not quite correctly drawn in the 
neighbourhood of Brigg, Wrawby, and Barnetby Junction, and this 
gives an erroneous position to the sections in that district. 

The Upper Kimeridge Clays of Lincolnshire have been described 
by Prof. Blake. They are well seen in the brickyard west of Ful- 
letby, and are composed of thin papery shales in which Dvzscona 
latissoma occurs in some abundance. ‘This was the only section 
visited in the clays of this horizon. 


(b) Correlation. 

It has already been shown that the zone of black selenitiferous 
clays overlies the Oxford Clays containing cordatz Ammonites, i. e. 
the uppermost portion of that formation. They are not of Oxford- 
Clay age because :— 


1. They do not contain a single species peculiar to the Oxford 
Clay. 

2. The fossils are not pyritized ; 

3. Some of the fossils are characteristic of the Corallian. 


The question now arises, are they of Corallian age? If these 
black clays are compared with the Ampthill Clay of Cambridge- 
shire it will be seen that they agree in the following particulars :— 


1. Lithologically they are identical, both being dark clays often 
highly charged with selenite crystals ; 

2. The fossils Ostrea deltoidea and Gryphca dilatata occur in 
both ; 

3. From the accompanying table it will be seen that out of 
23 species determined, 16 are common to the Ampthill 
Clay of Cambridgeshire. 


That these selenitiferous clays are Corallian is clearly shown by 
the following facts :— 

1. They apparently overlie conformably the uppermost zone of 
Oxford Clay characterized by the presence of cordati 
Ammonites and Amm. perarmatus. 

2. All the determined species which the writer has seen from 
these clays also occur in the Corallian of other areas, and, 
further, they contain several species which are peculiar to 
that formation, e.g. Amm. cawtonensis, Pholadomya con- 
centrica, Avicula pteropernordes, &c. 

3. The accompanying list of fossils does not include a single 
species peculiar to either the Oxford or Kimeridge Clays. 


* Op. cit. p. 202. 
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4. Gryphea dilatata and Ostrea deltoidea are found associated 
together in these selenitiferous clays, and also in the Coral- 
lian, but not in the Oxford or Kimeridge Clays. Gi'ry- 
phea dilatata is recorded* from the Kimeridge Clay of 
Clophill, in Bedfordshire, and doubtfully from the same 
beds at Wolvercot, Bucks. Clophill is mapped as standing 
on Lower Greensand, and the clays which occur below it 
are probably Coralliau. Ampthill, the typical locality for 
the Corallian clays, lies a little to the east of Clophill. 
Ostrea deltoidea is stated + to occur in the Oxford Clay of 
Wiltshire; but the writer is not aware of any other locality 
where this fossil occurs so low down in the series. With 
these two doubtful exceptions, the occurrence of Gryphea 
dilatata ASsocIATED witH Ostrea deltoidea is strictly limited 
to the Corallian rocks, the former being found in the Lower 
Calcareous Grit and Coralline Oolite, and the latter in the 
Coralline Oolite and supra-Coralline Beds. In Lincoln- 
shire Gryphea dilatata is most common in the lower part 
of the selenitiferous clays, whilst O. deltoidea is more fre- 
quently met with in the upper part of these clays. 


From these considerations, therefore, it seems highly probable 
that the black selenitiferous clays of Lincolnshire are partly repre- 
sented by the Ampthill Clays further south, and that they are of 
Corallian age. Their fauna certainly links tnem more closely with 
the Corallian than with the Oxford or Kimeridge Clays. No lime- 
stone corresponding in age to the Elsworth rock, and separating the 
Oxford and Corallian Clays, has as yet been met with in Lincoln- 
shire. 

It should be mentioned that the occurrence of selenite crystals in 
these clays is of little classificatory value when taken alone, because 
such crystals are commonly met with in the Kimeridge Clay t, and 
to some extent in the Oxford Clay §. 


The next zone of clay to be considered is that in which Ostrea 
deltotdea occurs in considerable abundance. Prof. Phillips, in 
describing the Kimeridge Clay near Oxford, states that near its base 
is a bed of Ostrea deltoidea, which has been recognized as far north as 
Yorkshire ||. It has already been mentioned that at the base of the 
Kimeridge Clays of Cambridgeshire is a layer of phosphatic nodules. 
The clays immediately above are crowded with Ostrea deltoidea. 
Precisely the same thing occurs in Oxfordshire 4]. In Wiltshire 
Ostrea deltoidea is common in all the beds of the Kimeridge clay **. 


* Fitton, Geol. Trans. 2nd ser. iv. p. 302. 

t Ramsay, “ Geol. of parts of Wilts and Gloucester” (Surv. Mem.), p. 20. 

{ “Geol. of Banbury” (Surv. Mem.), p.46. “Geol. of Oxford and Berk- 
shire” (Surv. Mem.), p. 9. Phillips’s ‘Geology of Oxford,’ p. 325. Hudle- 
ston, “ Yorkshire Oolites” (Proc. Geol. Assoc. vol. iv. p. 360), &c. 

§ Quart. Journ. Geol. Soc. vol. xlii. p. 544. 

| ‘‘ Geol. of Oxford,” p. 325. 

{| Quart. Journ. Geol. Soc. vol. xix. p. 236. Geol. Trans. 2nd ser. iv. p. 278. 

** «<Geology of parts of Wilts and Gloucester,” p. 23. | . 
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On the south coast, Prof. Blake states* that the clays near the 
base of the Kimeridge Clay in Ringstead Bay are crowded with 
Ostrea deltordea, and that west of Weymouth this same fossil is 
chiefly found near the base, but is not limited to this zone, as it 
occurs scattered through the clay. Waagen similarly mentions the 
occurrence of this fossil in the lower portion of the Kimeridge Clay 
at Ringstead Bay yr. 

It appears therefore that the basement-clays of the Lower 
Kimeridge throughout England are, in almost every locality where 
they have been observed, characterized by the abundance of Ostrea 
deltoidea. In Lincolnshire we find that at Woodhall Spa, West 
Barkwith, and apparently at North Kelsey, there are similar clays 
which should be placed on the same horizon. Prof. Judd is of 
opinion that the clays of Woodhall Spa belong to the lower portion 
of the Kimeridge Clay. He states that the Lower Kimeridge of 
Lincolnshire is divisible into two well-marked zones: in the upper, 
he adds, ‘‘ Ostrea deltoidea never, I believe, occurs; while in the 
lower, which is well seen in a pit at Woodhall Spa, that fossil 
occurs in prodigious numbers” t. Prof. Blake also places these 
clays low down in the Kimeridge Clay. 

Should these deltoidea-clays of Lincolnshire prove to be the 
basement beds of the Lower Kimeridge, and there is every reason 
for regarding them as such, there would be additional evidence for 
placing the underlying selenitiferous clays in the Corallian. 

The clays of the succeeding zone have for their characteristic 
fossil Ammonites alternans, whilst this fossil is absent from the 
clays of the overlying zone. 

In Cambridgeshire the following zones have been made out in 
the Lower Kimeridge :— 

1. Clays with Exogyra virgula. 
2 Ss Ammonites alternans. 
3. BA Astarte supracorallina. 
4, ss Ostrea deltordea. 


This arrangement differs somewhat from that of Lincolnshire. 
Amm. alternans is chiefly found in the upper portion of the Lower 
Kimeridge of Cambridgeshire, whereas in Lincolnshire it is charac- 
teristic of a lower zone. Astarte supracorallina occurs throughout 
the Lower Kimeridge of Lincolnshire ; it has not as yet been observed 
in the upper zones in Cambridgeshire. 

The fossil zones of the Kimeridge Clay are in some instances only 
of little value and are only applicable to a limited area. Prof, 
Blake states § that “in the Kimeridge Clay ... . many fossils 
which in one locality are highly characteristic of a particular por- 
tion, are absent in that portion in another locality and charac- 
terize instead a lower or higher horizon.” This statement fully 
bears out the observation mentioned above. 

* Op. cit. p. 212. 

t ‘ Versuch einer allg. Classif. der Schichten des oberen Jura,’ p. 5. 

t Quart. Journ. Geol. Soc. vol. xxiv. p. 240. § Op. cit. p. 197. 
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At Ringstead Bay Waagen mentions * the occurrence of Ammo- 
nites alternans in the clays which succeed those containing Ostrea 
deltoidea, whilst it is absent in his so-called Middle Kimeridge, 
which contains Exogyra virgula, and 1s what is generally considered 
as the upper portion of the Lower Kimeridge. In this area, there- 
fore, the fossil zones of the Lower Kimeridge agree closely with 
those of Lincolnshire. 

Exogyra virgula has not as yet been obtained from the Kimeridge 
Clays of Lincolnshire. In Cambridgeshire this fossil is found 
chiefly in the uppermost portion of the Lower Kimeridge, and is 
occasionally met with in the lower zones. Hvogyra virgula should 
occur in Lincolnshire in clays a little higher in the series than 
those of Horncastle; but at present there appears to be no exposure 
between the Horncastle pits and the Upper Kimeridge of Fulletby. 

The paucity of sections in the Upper Jurassic Clays of Lincoln- 
shire renders the mapping of the various divisions rather unsatis- 
factory, and it must be remembered that the lines drawn on the 
accompanying map (fig. 1, p. 456), separating the various clays, have 
been set down in accordance with our present somewhat limited 
knowledge of their distribution. Subsequent discoveries may modify 
them considerably. 

The boundaries of the Lower and Middle Jurassic and the Cre- 
taceous have been taken in great measure from the Geological Survey 
Map (sheet 83). 

4, SUMMARY. 


The facts stated in the foregoing paper indicate that the Upper 
Jurassic Clays of Lincolnshire may be divided into :— 
3. Kimeridge Clay :— 
(6) Upper Kimeridge: thin papery shales, with Discina 
latissima. 
(a) Lower Kimeridge: dark clays, with septarian nodules, 
subdivided into :— 
(iii.) Clays with Amm. mutabilis, Astarte swpracorallina, 
&e. 
(ii.) Clays with Amm. alternans. 
(i.) Clays crowded with Ostrea deltordea. 


2. Corallian. Black selenitiferous clays, with Amm. plicatilis, 
Amm. cawtonensis, Bel. abbreviatus, Gryphea dilatata, Ostrea 
deltoidea, &e. 

1. Oxford Clay, subdivided into five paleontological zones, with 
the Kellaways Rock at its base. 


Discusston. 

Prof. Brake was fully prepared to hear of the separation of rocks 
of Corallian age in Lincolnshire, though as those rocks are them- 
selves of an episodal character, the features which specially dis- 
tinguish them are not likely to occur. Yet he was perfectly aware 


* Op. cit. p. 5. 
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that the Ampthill Clay, for instance, contained spines of the Corallian 
Urchin Cidaris florigemma. But if from the Corallian rocks we 
eliminate the episodal fauna, we find that a change takes place in 
their midst, the lower portion being Oxfordian, the upper Kimer- 
idgian ; and hence if there be no fossils characteristic of the episode, 
there is little to distinguish the rocks of Corallian age beyond the 
mixture of the two faunas. In Yorkshire Amm. excavatus is found 
in the Kimeridge Clay. He did not consider the occurrence of 
selenite in the zone as of much value for purposes of correlation ; it 
Was a mere question of exposure and oxidation. He referred to 
places in the basal Kimeridge where Ostrea deltoidea is abundant, and 
expressed his agreement with Mr. Roberts. 

Mr. Hupzeston said that the thanks of geologists were especially 
due to Mr. Roberts for the care he had taken in making out the 
Upper Jurassic Clays of Fenland, a task which the nature of the 
country rendered both tiresome and difficult. This paper was a 
supplement to his valuable Sedgwick Prize Essay, and enabled us 
to trace the Corallian Clays of Cambridgeshire still further. But 
in what is now the county of Lincoln the pelolithic conditions of 
the period attained their maximum, and there are neither limestones 
nor grits to help in defining the horizon. Hence the resemblance 
to typical Corallians would naturally be feebler as we proceeded 
northwards from Cambridgeshire. 

Notwithstanding the development of typical Corallian rocks round 
the Vale of Pickering, it was found, on making the Hull and Barns- 
ley railway, that the whole of this series of grits and limestones had 
disappeared a few miles south of the Pocklington axis. Hence, 
although the fauna of the Corallian clays of Lincolnshire reminded 
him to a certain extent of the North-Grimston Cement-stone, the 
affinities of the Lincolnshire beds were rather with those of Cam- 
bridgeshire. Referring to Mr. Roberts’s map, he thought that 
possibly the Survey might shrink from the additional task of 
defining the limits of a third clay. 

The AvrHor, in reply to Prof. Blake, said that the selenitiferous 
clays contained several characteristic Corallian fossils. The lower 
part of this zone was allied to the Oxford Clay, and its upper part 
to the Kimeridge Clay. He thought there must be some peculiarity 
in the lithological character of those clays which contained so 
much selenite. 
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35. On some Bryozoa from the InFertor OoxrtE of Surpton Gorex, 
Dorset. By Epwiy A. Watrorp, Esq., F.G.S.—Part I. (Read 
April 3, 1889.) 

[Puarzs XVII-XIX.] 


So little attention appears to have been paid by British paleonto- 
logists to the Jurassic Bryozoa, that a few scattered papers constitute 
the literature of the subject, and hardly a dozen new forms have 
been described since the appearance of Haime’s Monograph in 1854. 
In a paper on some Lias Polyzoa *, I believe I have given the titles 
of nearly all of the papers. Mr. Vine’s Richmond report f and 
two later contributions complete the list. This neglect can scarcely 
be accounted for by the absence of material to work upon, for 
though the argillaceous seas of the Lias were not favourable to the 
development of the Bryozoa, either in numbers or species, yet under 
the calcareous conditions of the Inferior and Great Oolite the contrary 
was the case. The reason may be sought for, perhaps,in the frequently 
unsatisfactory state of preservation of the delicate features necessary 
for their study, as well as in the difficulties into which the classi- 
fication has drifted. Certain it is that too many species have been 
created out of ill-preserved examples, and thus another barrier has 
been raised in the way of systematic nomenclature. It can scarcely, 
however, be said that there is yet formed a natural system of 
classification for the division to which most of the Lower Jurassic 
forms belong. 

In 1885, when studying the Inferior Oolite in the neighbourhood 
of Bridport, I detected in a small quarry some marly beds rich in 
numerous species of Bryozoa, and containing an otherwise remark- 
able fauna—LHchinoderms, small Brachiopods (Crama, Thecidea, 
&c.), Sponges, and Foraminifera. The tranquil conditions prevailing 
during the deposition of the beds are indicated by the presence of 
so many slender and arborescent forms of Bryozoa, as well as by the 
Crinoids and Sponges. That the horizon of the Inferior Oolite in 
which the forms mentioned are found is the upper division is shown 
by the presence of a few characteristic shells, notably Terebratula 
Phillips, Crania canalis, Moore, and Acanthothyris panacanthina, 
Buckm. & Walker. The zone is apparently that of Ammonites 
Parkinsoni. It is worth note that Eug. Deslongchamps ¢ quotes a 
somewhat similar fauna of Echinoderms, Bryozoa, and Sponges as 
occurring in the *‘ Oolithe Blanche” of Calvados. 

The following section will illustrate the position of the calcareo- 


* “On some Polyzoa from the Lias,” by H. A. Walford, F.G.S., Quart. 
Journ. Geol. Soc. vol. xliii. (1887), p. 632. 

t “On Polyzoa found in the boring at Richmond, Surrey,” by G. R. Vine, 
Quart. Journ. Geol. Soc. vol. xl. (1884), p. 7&4. 

{ Etudes Jurass. Inf. de la Normandie, par M. Eug. Eudes Deslongchamps, 
p- 109 (Paris & Caen, 1864). 
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argillaceous beds from which the series of fossils has been -col- 
lected :— 


Quarry (Inferior Oolite) near New Inn, Shipton Gorge. 


ft. ae 

We. Ras 2 os 6 de cease eee eeenee canning a obGhe 1 2 
2. Compact grey limestone, weathering brown, 

broken and rubbliyd. 2.56 sc... co so. ne if 9 
3. Grey and brown marls, with fragments of lime- 

stone, Bryozoa, Sponges, CRT: Ee 0 4 
4, Broken limestone, rather argillaceous ............ 0 6 
5. Grey and brown marly clay, with Bryozoa, 

Sponges, Ge. © wid. .sGseseeceee es aaesebewee kdb sas : 
6. Compact grey limestone, somewhat marly and 

oolitic. Base not shown 42s. pcida ns condos names 3 0 


From this one locality I am able to recognize about fifty littectaa 
forms representing twelve or more genera, the number being nearly 
equal to the whole of those described by Haime from the Lias to 
the Kimeridge Clay. 

At the outset one has to consider the question as to how far it 
is possible, or rather practicable, to travel in the recognition of 
cell-form and disregard of zoarial growth. Certainly, to put the 
latter wholly aside would, in the present state of classification, lead 
to utter confusion, and hence, for a time, the present system must 
be adhered to. Nevertheless, it will be necessary to acknowledge 
the great variability of zoarial form, a fact which Prof. Smitt’s 
series of papers * has demonstrated beyond a doubt. To some 
extent it will be my endeavour to follow, in the examination of this 
series of fossil Bryozoa, the laws of evolution he has so well traced. 

Successive writers have suggested divisions for the Cyclostomata, 
which each author in turn has modified or altered, but amongst 
them the simple divisions of Mr. Waters 7, based upon the Hincksian 
system, seem most feasible. He proposes “‘that we should divide 
the Cyclostomata into two subdivisions, namely, first the Parallelata, 
or those in which the surface of the zoarium is to a considerable 
extent formed of the lateral walls of the zocecia, of which Crisia, 
Entalophora, Diastopora, and Tubulipora may be taken as types; and, 
secondly, the Rectangulata, or those in which the zocecia or cancelli 
open for the most part at right angles to the axis or surface of the 
zoarium or subcolony, of which Heteropora, Lichenopora, &c. may 
be taken as typical.” Still later, Marsson in his beautifully illus- 
trated memoir on the Bryozoa of the Riigen Chalk t, re-arranges 
the Cyclostomata, leaning largely upon the character of the sub- 
sidiary cells, the importance of which he thinks has been overlooked. 
Students of the Hincksian system will look, however, with dismay 
at a classification which groups under one family Heterepora and 
Spiropora, whilst it widely separates Defrancia and Diastopora. 

* “Kritisk Forteckn. ofr. Skand. Hafs-Bryozoer,” af F. A. Smitt, Ofvers. 
af K. Vet.-Akad. Forh. 1864-8 & 1871. 

+ “On Tertiary Cyclost. Bryozoa from New Zealand,” by A. W. Waters, 
Quart. Journ. Geol. Soe. vol. xliii. (1887), p. 337. 


t “ Die Bryozoen der weiss. Schreibkr. der Insel Rigen,’ Pal. Abh. Dames 
- u, Kayser, Band iy. Heft i. (Berlin, 1887). 
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Pergens and Meunier, in their description of the Faxoe Bryozoa *, 
point out the deficiencies in d’Orbigny’s system, and add that in 
their opinion the time for a new classification has not yet arrived. 
They base their work upon the Smitt-Hincksian system, without, 
however, as they state, acknowledging the pretended constancy of 
the zocecial orifice, which presents remarkable differences in many of 
the species. We must acknowledge the keenness of their criticism 
when they go on to say that to substitute one classification based 
principally upon a single character, that of the mouth of a cell, for 
that which has in view the form of a colony, is to replace one arti- 
ficial classification by another almost further removed from the 
reality, and leads to ignoring what are really the staple characters 
in one division when applied to the other. 


Suborder CYCLOSTOMATA. 
Division Parallelata. 
Family TuBULIPORID A”. 


Genus STOMATOPORA. 
Stomatopora, Bronn, Pflanzenth. p. 27 (1825). 


1. Sromatopora DicHoToMA, Lamx. 


Alecto dichotoma, Lamouroux, Exp. méth. des genres des Pol. 
p. 84, vl. 81. figs. 12, 138, 14 (1821). 

Aulopora dichotoma, Goldfuss, Petref. Germ. t. 1. p. 218, pl. 65. 
fig. 2 (1833). 

Alecto dichotoma, Morris, Catalogue of Brit. Fossils, p. 30 
(1843); Michelin, Icon. Zoophyt. p. 238 (1846), non pl. 2. fig. 10, 
pe hO: 

Stomatopora dichotoma, Haime, Descr. des Bryozoaires Foss. de 
la Form. Jurass. p. 160, pl. 6. fig. 1, Mém. Soc. Géol. de France, 
1854 ; Reuss, Bryozoen, Anthoz. u. Spong. d. braun. Jura v. Balin bei 
Krakau, p. 2, pl. 1. fig. 4, Abhandl. Akad. d. Wissensch. Wien, mathem.- 
naturw. Cl. xxvii. Bd. (1867); Brauns, Die Bryozoen des mittl. Jura 
der Gegend vy. Metz, p. 320, Zeitschr. d. deutsch. geolog. Gesellschaft, 
Jahrg. 1879; Vine, Polyzoa found in the Boring at Richmond, 
Surrey, p. 7&6, fig. 1, Quart. Journ. Geol. Soc. vol. xl. (1884) ; 
Vine, Notes on the Polyzoa of Caen and Ranville, p. 12, Journ. 
Northampton. Nat. Hist. Soc. & Field Club (1888). 

Zocecial length 0°6 millim., width 0:3; aperture 0-07. 

I find two slightly diverging forms—the typical one with measure- 
ments as quoted, and agreeing well with Haime’s figures; the 
other, as figured by Reuss {, with rather shorter and more puffed- 


* «“ Bryoz. Garumn. de Faxe,” Ann. de la Soc. Malacolog. de Belg. t. xxi. 

t “Deser. des Bryozoaires Foss.” par Jules Haime, Mém. Soc. Géol. de 
France, 2¢ série, t. v. pl. 1. fig. 1 (1854). 

t ‘Bryozoen, Anthoz. u. Spong. d. braun. Jura v. Balin bei Krakau,” Abh. 
Akad. d. Wissensch. Wien, mathem.-naturw. Cl. xxvii. Bd. 1867, Taf. 1. fig. 30. 
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out zocecia (length 0°5 millim., width 0-4), with greater dilatation at 
the base. Haime describes the species as varying in different 
localities from 3 to 4 millim. in the width of the zocecia, and the 
length of the zocecia he cites as generally three or four times the 
diameter of the peristome. ‘The Dorsetshire forms from the Inferior 
Oolite are slightly longer than Haime’s from the Great Oolite. 
Occasionally one or more cells will become dilated and inflated at 
the proximal end, presenting quite a different zocecial type. The 
Ranville specimens from the Forest Marble are of Reuss’s type ; and 
the figures in ‘ Petrefacta Germanie,’ pl. lxy., indicate two kinds of 
cells. Smitt* places St. dichotoma, M.-Edw. (?), under his 3, forma 
serpens of Tubulipora incrassata, dOrb. 


2. Sromaropora sprrata, sp. nov. (Pl. XVIII. figs. 6a, 6.) 
Zocecial length 0-2 to 0:3 millim., width 0-2 to 0°26; aperture 0-06. 


Zoarium adnate, with uniserial zocecia disposed in a semicircular 
or spiral series of from ten to twenty without bifurcation. Zocecia 
short, only one third longer than wide, cylindrical, slightly decreas- 
ing in size from base to mouth, free for about one third of their 
length. Basal part of zocecia elevated, and without widened mar- 
gins. The exsert part narrows but very little towards the aperture. 
Aperture oval. Surface punctulate. Ovicells (?). 

The species is well distinguished by the short cylindrical zocecia 
with slightly elevated bases and regular arrangement. Mare. 


3. SromaTOPORA DICHOTOMOIDES, d’Orb. 


Stomatopora dichotomoides, d’Orbigny, Paléont. Frang., Terr. Crét. 
t. v. p. 834 (1850-52); Haime, Descr. des Bryozoaires Foss. de la 
Form. Jurass. p. 163, pl. 6. fig. 2, Mém. Soc. Géol. de France, 
1854; Brauns, Die Bryozoen der mittl. Jura der Gegend vy. Metz, 
p- 322 (1879); Reuss, Bryozoen, Anthoz. u. Spong. d. braun. 
Jura, p. 3 (1867); Vine, On Polyzoa of Caen and Ranville, p. 12 
(1888). 

Zocecial length 0°6 millim., width 0°17 to 0-1; aperture 0-06. 

The elongated slender zocecia of subconical form seem to fairly 
distinguish the species. 

Haime f figures the zocecia widening from distal to proximal 
extremity; one meets, however, with a varying form in which the 
cells are leathern-bottle-shaped. 


Var. arrenvata. (PI, XVIII. fig. 9.) 


Zocecial length 0°6 millim., width 0-2; aperture 0-07. 

Zoarium uniserial, but with zocecia of nearly uniform thickness, 
excepting the slightly tapering free part, which rises almost vertically, 
and is 4 the length of the whole cell. The adherent part of the 
zoarium is scarcely dilated. J can detect two kinds of surface- 


* «Krit. fort. ofver Skand. Hafs-Bryozoer,” af F. A. Smitt, Ofvers. af 
K. Vet.-Akad. Forh. 1866, p. 402. 

t “Descr. des Bryozoaires Foss.” par Jules Haime, Mém. Soc, Géol. de 
France, 2¢ série, t. y. pl. 1. fig. 1 (1854). 


a 
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pores: the larger are few in number, tubular and slightly exsert ; 
the smaller are exceedingly fine, and cover the whole surface. 
Aperture oval. 

It will be seen, by reference to the figure, that the zocecia have 
scarcely any of the claviform character of Haime’s type. The pre- 
servation of the delicate terminations is due to the protection given 
by a colony of large Proboscine, which occupy the interior of the 
same Aviculoid shell. 


4, SromaToPpora PoRRECTA, sp. nov. (Pl. XVIII. figs. 7a, 5, 8.) 


Zocecial length 1 to 1:6 millim., width 0-23; aperture 0-1. 

Zoarium dichotomously branched, with uniserial, very lengthened, 
and sinuous (Serpula-like) zocecia. Zocecia rather irregularly cylin- 
drical, coarsely wrinkled, and punctate. The exsert part of the cell 
is but slightly raised, and is ordinarily about 1 of the whole in 
length; the terminations, however, do not seem to be perfect. 
Aperture oval. Ovicell(?). If the shield-like body (Pl. XVITI. 
fig. 8), from beneath which the branches emerge, should be the ovicell 
of the species, it will be of a different type from the surface-inflations 
of the zoarium common in the genus. ‘The tubular surface-pores on 
it are the same as on the cylindrical zocecia. 

The long Serpula-like zocecia with coarse transverse wrinkles are 
fairly distinctive. It is open to question whether the fragment of 
a Lias fossil, figured on plate xxv. fig. 10, vol. xlii. Quart. Journ. 
Geol. Soc., is referable to the same species, as I at one time sup- 
posed it to be: there the free part of the cell is much longer. The 
“‘ Caleaire a Polypiers” at Ranville, Calvados, yields a similar form to 
S. porrecta. 


5. STOMATOPORA, Sp. 


Zoarial length 0:4 to 0°5 millim., width 0:3; aperture 0-1. 

Zoarium adnate, composed of a linear series of ten inflated and 
conical zocecia without dilatation at the base. Zocecia transversely 
wrinkled and coarsely punctate. Aperture oval. 

There are one or two perforations in each cell about 0°3 millim. 
in diameter at irregular distances below the peristomes, recalling 
the features of certain Chilostomatous cells. The example, however, 
is a solitary one and ill-preserved. Stomatopora granulata, M.-Kdw., 
is nearly related to it. 


PROBOSCINA. 


Proboscina (pars), Audouin in Savigny, Descr. de l’Egypte, p. 236 
(1826). 

Proboscina, V@Orbigny, Paléont. Franc., Terr. Crét. t. v. p. 384 
(1854). 

So slight are the distinctions between the genera Stomatopora and 
Proboscina that it has been more as a matter of convenience in this 
individual instance that I have placed the uniserial forms under the 
head of the former, than from any sense of there being a natural line 
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of demarcation between the two genera. The series to be subsequently 
dealt with furnish a good illustration of the wide variation in mode 
of growth of one zocecial type, and it has only been by the collection 
of a large number of examples that the connecting-links have been 
found. Forms of considerable difference in size of cell and aperture 
are seen to go through similar phases of zoarial growth, so that one 
cannot do otherwise than recognize their close relationship. Just as 
Prof. Smitt has shown Tubulipora incrassata, d’Orb., to pass through 
the stages of Stomatopora and Proboscina to that of Tubulipora, so I 
shall endeavour to demonstrate the stages of growth of one type 
from Stomatopora to Proboscina, and thence to Tubulipora or 
Diastopora. Hincks has also pointed out how shadowy are the 
distinctions between these genera. At present, however, no more 
satisfactory method of classification seems to be practicable than 
the one now in use; hence the forms will be placed under the 
old family names, but with a uniform specific name. 

The group for illustration is figured on Pl. XVII. figs. 1, 2, 3, 7, 8, 
and Pl. XVIII. figs. 10,11,12. Its earliest stage is that of a Stoma- 
topora with uniserial zocecia and widely dilated margin (Pl. XVII. 
fig. 1), merging into an irregular bi- or triserial growth (Pl. XVII. 
figs. 2, 3). The anastomosing of the branches is frequently so 
dense as to produce a Diastopora-like colony (Pl. XVII. fig. 8), 
and all intermediate phases of growth are met with. Such 
colonies are frequently recognizable by the trailing lines of the 
branches (Pl. XVII. fig. 7), but forms occur (Pl. XVII. fig. 8) which 
are not distinguishable from Dzastopore of the. ordinary discoid 
growth. When the zocecia are thus massed there is a tendency to the 
production of erect branches, as shown in the capitulum on the colony 
(Pl. XVII. fig. 7), and though it is not at present clear, there is 
reason to suppose that the form subsequently described as Entalophora 
magnipora (Pl. XIX. figs. 11, 12) may be the erect stage. The inter- 
weaving of the Stomatoporoid branches gives rise to another phase 
of growth (Pl. XVIII. figs. 10, 11,12), Tubuliporoid, and it will be 
seen that the ventricose forms approach 7’. ventricosa, Busk. Con- 
siderable variability is also met with in the shape of the zocecia: some 
are cylindrical throughout, whilst others have the exsert parts conical, 
or, again, they may be leathern-bottle-shaped (utriform). The 
dimensions of the zocecia in width vary from 0°3 millim. to 0°5 millim., 
the apertures from 0-13 millim. to 0-2 millim. 


1. Progoscrna spatiosa, sp. nov. (Pl. XVII. figs. 1-3.) 


Zocecial length 1°16 to 0°5 millim., width 0°5 to 0°7; aperture 
0°13.to 0:2. 

Zoarium adnate, ramose, varying from a uniserial to an irregular 
bi-, tri-, or multiserial arrangement of zocecia, the branches fre- 
quently anastomosing. Zocecia ranging from nearly immersed to 
partially free, of variable shape, cylindrical or somewhat compressed, 
the free part conical or of uniform diameter, though more rarely the 
whole cell is leathern-bottle-shaped. The zocecia have, especially in 
the uniserial stage, widely dilated bases.- Aperture orbicular or 
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elliptical, with closures well within the orifice and punctate like the 
surface of the zoarium. Zoarial surface coarsely wrinkled and 
punctate, the terminations of the pores protruding slightly above 
the surface. The cluster of cells connected with the colony shown 
(Pl. XVII. fig. 3) indicates a mode of gemmation similar to that 
Hincks has described in Stomatopora fasciculata (Brit. Marine 
Polyzoa, p. 441). 

From S. repens (Busk), Crag Polyzoa, pl. xx. fig. 5,it is separated 
by the larger cells and more irregular habit; from S. major, Johnst., 
also by the latter feature and by the shape of the zocecia. 


Var. BREVIS, nov. (Pl. XVIII. figs. 1, 2.) 

Zocecial length 0:93 to 0°6 millim., width 0°2-0°3; aperture 
0°13-0°17. 

Zoarium of similar habit to that of S. spatiosa, but with rather 
smaller and less robust zocecia, their exsert parts longer and only 
slightly diminishing in size towards the aperture. In both uniserial 
and other stages it is frequently met with encircling the stems of 
Entalophora. Ovicell (?) apparently an inflation of a single cell. 


Var. BREVIOR, noy. (Pl. XVIII. figs. 3-5.) 


Zocecial length 0:7 millim., width 0°3; aperture 0-1. 

The distinction from var. brevis is almost wholly in point of size 
of zocecia, which are generally shorter in proportion to the width 
and with smaller apertures. A cluster of small cells occurs in one 
specimen, of similar type to that noticed above. 


2. PROBOSCINA INCRUSTANS, sp. nov. (Pl. XVII. figs. 4—6.) 


Zocecial length 0:6 millim., width 0°17; aperture 0-1. 

Zoarium adnate, ramose, passing almost immediately from the 
one or two primary cells into a crowded irregular arrangement of 
zocecia (fig.4), Zocecia cylindrical, compressed (Pl. XVII. fig.6, a, d), 
free for about one third of their length, and less robust than in P. spa- 
tiosa, var. brevior. Aperture elliptical or rarely orbicular. Surface 
punctate and transversely wrinkled. Ovicells pyramidal swellings of 
the zoarium, rising above and enveloping one or more zocecia and 
opening at the summit. The specimen figured is attached to an 
Echinus-spine, and occasionally the species is found enveloping stems 
of Entalophora. 

It differs from Proboscina Jacquoti and P. Alfredi, Haime, by the 
smaller size and the shape of the zocecia and their apertures, also by 
the closer arrangement of the zocecia and the peculiar form of ovicell 


(fig. 6, c). 


TUBULIPORA. 
Tubulipora, Lamarck, Systeme d. Animaux sans Vertebres, 1816. 


1. TuBULIPoRA spatiosa, sp. nov. (Pl. XVIII. figs. 10, 11.) 


Zocecial width 0-4 millim. ; aperture 0°16 to 0:17. 
Zoarium erect or suberect, pyriform or cylindrical. The colony 
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commences with a Stomatoporoid form of growth, and spreads out 
rapidly, the branches frequently coalescing. Zocecia cylindrical, 
the exsert parts either of uniform diameter or tapering towards 
the aperture, or slightly flattened. Aperture orbicular or elliptical, 
the cell-walls thick. In well-preserved examples the mouth 
is lipped similarly to the species Tubulipora ventricosa, Busk. 
Closures well within the mouth, punctate. Ovicella globose swelling, 
somewhat pyramidal, involving one or more zoccia. Zoarial surface 
coarsely wrinkled and punctate. 

The form (Pl. XVIII. fig. 11) tends to a Pustulopora-like growth, 
and one sees the funnel-shaped ovicell of a similar type to that found 
on Entalophora magnipora (Pl. XIX. fig. 11). Other but suberect 
forms approach Tubulipora flabellaris, Johnst. 

There is little doubt of this species being another stage of growth 
of my Proboscina spatiosa. It has many points of resemblance to 
Tubulipora ventricosa, Busk, but yet I think it merits distinction. 

Just as I noted of Proboscina spatiosa, that it was connected 
with forms of identical zoarial habit, varying principally in size of 
zocecia, so also in this group are specimens with zocecia less robust, 
measuring but 0°3 millim. in width, and with apertures of only 0°13 
millim. in diameter. 


IpMoNEA. 
Idmonea, Lamouroux, Exp. méth. des genres des Pol. p. 80 (1821). 


1. IpMoNEA STOMATOPOROIDES, sp. nov. (Pl. XIX. figs. 5, 6.) 

Zoarial length 4:0 millim.; width 0°5; aperture (perfect) 0:03, 
(worn) 0°07. 

Zoarium wholly adnate, broadly angular, straight, waved or 
encircling, attached to stems of Entalophora or shells. Zocecia 
nearly immersed, arranged in pairs obliquely, so as to give the 
appearance of alternating apertures on right and left sides of zoarial 
ridge, often single and irregular at the beginning of a colony. 
Proximal extremities of zocecia erect and mammiform. Aperture 
orbicular. 

The size of the specimens shows this species not to be an imma- 
ture stage of I. triquetra, Lamx., which, moreover, has six matured 
cells on each side of the zoarium when adherent. 


2. IpMONEA TRIQUETRA, Lamx., var. Y-ForMIs, nov. (Pl. XIX. 
figs. 3, 4.) 

Tdmonea triquetra, Lamouroux, Exp. méth. des genres des Pol. p. 80, 
pl. 79. figs. 13-15 (1821); Morris, Catalogue of Brit. Foss. p. 40 
(1843); d’Orbigny, Paléont. Frang., Terr. Crét. t. v. pp. 729, 751 
(1850-52); Haime,Descr. des Bryoz. Foss. dela Form. Jurass. p. 171, 
pl. 7. fig. 1 (1854); Vine, Polyzoa found in Richmond Boring, p. 790, 
Q.J.G.S. 1884; Sorby and Vine, Fifth Rep. on Fossil Polyzoa, 
Brit. Assoc. p. 43 (1884); Vine, Notes on Polyzoa of Caen and 
Ranville, p. 7, Journ. Northampton. Nat. Hist. Soc. 1888. 
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Length of zoarium 4°7 millim., width at base 0°7; zocecial width 
0°27 ; aperture 0-1. 

Zoarium Y-shaped, erect, with roughly triangular stem and 
branches. Zocecia in irregular transverse rows or clusters, 3 or 4 
on each of the two front angles of the zoarium. The front pair 
form a kind of mesial ridge, are mammiform, larger, and have larger 
apertures, which are placed obliquely so as to appear alternating. 
Outermost zocecia pentagonal with small apertures, the two next are 
less distinctly pentagonal. The ornamental areolation of the dorsal 
surface is given by the pentagonal walls of the blind cells. Aperture 
orbicular, with a calcareous centrally perforate closure within the 
mouth. Surface punctate. Ovicells pyriform inflations involving 
two or more Zocecial tubes, or pyriform sacs disposed on the front of 
the branches. 

Though the specimens are all Y-shaped, there is evidence of other 
branches being thrown out. It may be regarded as an erect variety 
of Idmonea triquetra, Lamx., differing also in having fewer developed 
cells in each row. 

Another diverging form commences growth with four cells placed 
transversely but opening at irregular intervals. The developed zocecia 
subsequently increase to six, with the middle pair but very little 
elevated above those on the sides. Surface, aperture, and closure 
the same as in the type. 


IDMoNEA TRIQUETRA, Lamx., var. Parxinsoni, nov. (Pl. XVIII. 
fig. 13.) 

Lateral width of zoarium 0-9 millim., thickness 0°6 ; mesial aper- 
tures 0-1. 

Zoarium erect, ovately triangular, and slightly claviform. Base 
of stem at point of attachment narrow, rapidly increasing to normal 
width, and becoming somewhat sinuous in its course of growth. 
Zocecia in the poriferous area, three on each side, rarely four, ar- 
ranged in transverse rows, with thick walls rising above the zoccial 
surface. The two front zocecia are larger, mammiform,and divergent. 
Non-poriferous area rounded, ornamented with the hexagonal or 
pentagonal walls of the blind cells. Apertures oval. Surface 
punctulate with terminal papille. Ovicells irregular globose swel- 
lings enveloping two or three zocecia, and placed ordinarily in front 
of the zoarium. 


3. IpMONEA CLAVIFORMIS, sp. nov. (Pl. XIX. figs. 1, 2.) 


Zoarial length 5:0 millim., zoarial lateral width 1:3; apertures, 
perfect 0:03, worn 0:1. 

Zoarium erect, clavate, ovately triangular with flattened sides, 
ordinarily curving backwards from above the middle. Zocecia in 
curved alternate rows, five or six peristomes in each row on the 
poriferous sides of the zoarium, the median pair teat-like and 
forming a pseudo-carina. The width of the non-poriferous dorsal 
area is two thirds only of the breadth of the sides. Ovicells irregular 
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leech-like swellings between or enveloping six or eight of the front 
cells, punctulate, the pores finer than on the zoarialsurface. There 
are calcareous floors or closures with a central perforation at about 
the point where the free part of the cell commences. 

A semi-adherent form varies but little in zocecial arrangement, 
but has a sharply triangular outline where attached. One fragment 
only of a numerous series of Jdmonee from Ranyille in my collection 
has an approximate clavate form. 

An abnormal form of this species (Pl. XIX. fig. 2) shows the 
mesial zocecia much more produced and becoming prominently conical 
towards the aperture. The zoarium is more globosely claviform, and 
has new colonies or branches starting from the non-poriferous area. 

The whole of the Jdmonea-triqvetra series from the Inferior 
Oolite of Dorsetshire, when compared with the allied forms from the 
Forest Marble (‘‘ Calcaire 4 Polypiers”) of Ranville, show a greater 
degree of robustness. The similarity of the variations of growth 
on each horizon impresses upon the observer belief in their belonging 
to one type ‘The typical J. triguetra, Lamx., is adherent and 
broadly triangular, with numerous rows of apertures on each of the 
upper sides. In the Dorsetshire series a modified form of the type 
occurs. In the several Dorset varieties the exsert parts of the 
zocecia are more prominent, especially the mesial ones, which are 
mammiform, and the ridge-like front more protuberant than in the 
Ranville form. 


BisIDMONEA. 


Bisidmonea, @Orbigny, Paléont. Franc., Terr. Crét. t. v. p. 720 
(1852). 

D’Orbigny characterizes this genus as having quadrangular stems 
and branches, with alternating lines of cells upon the face of each 
of the four angles. Apertures prominent, placed one above the 
other in transverse lines. He adds that it resembles a double 
Idmonea. One finds, however, that the quadrangular stems merge 
into ovals with less interrupted lines of zocecia, and on this ground 
as well as its mode -of reproduction the species is removed from 
Entalophora. 

Vine, in his remarks upon JL. tetragona*, says :—‘‘I am not sur- 
prised that d’Orbigny should suggest a new generic term, Bisidmonea, 
for this species, as in some of the finer branches the name appears 
to me to be eminently suitable.” Waters, when describing /dmonea 
bifrons T, in which the annulations of zocecia are interrupted by two 
mesial lines, speaks of it as looking like a connecting-link between 
the Spiropora form of Entalophora and typical [dmonee. 


* Vine, G. R., ‘‘ Notes on the Polyzoa of Caen and Ranville &c.,” Journ. 
Northampton. Nat. Hist. Soc. vol. v. p. 10 (1888). 

+ Waters, A. W., “On Fossil Cyclostomatous Bryozoa from Australia,” 
Quart. Journ. Geol. Soc. vol. xl. p. 689. 
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1. BistpMoNEA TETRAGONA (Lamx.), var. ovaLis, nov. (Pl. XIX. 
figs. 7-9.) 

Spiropora tetragona, Lamouroux, Exp. Meéth. des genres des Pol. 
p. 8a, pl. 82. figs. 9 & 10 (1821). 

Cricopora tetragona, Michelin, Icon. Zooph. p. 235, pl. 55. fig. 12 

1845), 
; Entalophora tetragona, d’Orbigny, Pal. Frane., Terr. Crét. p. 779 
(1850-52). 

Sptropora tetragona, Haime, Descr. des Bryoz. Foss. Jurass. p. 197 
(1854), 

Entalophora tetragona, Vine, Notes on Polyzoa of Caen and 
Ranville, p. 90 (1888). 

Zoarial width 1:4 millim.; zoarial width short axis 1:0; 
zocecial width 0-2; apertures 0°13 to 0°8. 

Zoarium erect, ramose ; stem and branches cylindrical and com- 
pressed. Zocecia short (0°3 millim. in length), ovoid, arranged in 
irregularly oblique annulations, walls thick and projecting above 
the zocecial surface. The zocecia forming the ridge of the oval stem 
are large as in Idmonea. Apertures elliptical, rarely orbicular, 
with centrally perforate and punctulate closures within the orifice. 
Zoarial surface punctate. Ovicells long, punctulate, leech-like 
swellings along the ridge of the oval stem, between or enveloping 
ten or twelve of the large zocecia. 

Vine* prefers to retain Lamouroux’s generic name Hntalophora 
for the Ranville species; but if mode of reproduction, which is exactly 
similar in some varieties of Jdmonea I have described, is of generic 
value when combined with a distinct shape of cell and aperture, 
then d’Orbigny’s genus provides a good resting-place for such transi- 
tion forms between Jdmonea and Entalophora. 

Spiropora compressa, Haime, appears to be nearly related. 


ENTALOPHORA. 


Entalophora, Lamouroux, Exp. Méth. des Genres des Pol. p. 81 
(1821). 


1. ENTALOPHORA RICHMONDIENSE, Vine, var. 


Entalophora richmondiensis, Vine, Polyzoa found in Boring at 
Richmond, p. 791, fig. 3, Quart. Journ. Geol. Soc. vol. xl. 1884. 

Zocecial length 0-3 to 0°5 millim., width 0-2; aperture 0-07 to 
O-1. 

The size of zoarium, zocecia, and apertures agrees fairly with 
Vine’s Richmond species. The zocecia, however, vary in size of 
apertures, which are frequently furnished with closures. ‘The 
arrangement of the zocecia differs in that the mouths open one above 
the other in each annulation, whereas in &, richmondiense, accord- 


* “Notes on the Polyzoa of Caen and Ranville,” by G. R. Vine, Journ. 
Northampt. Nat. Hist. Soe. vol. v. p. 10 (1888). 
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ing to Vine, the apertures of one row of annulations are on a line 
with the cell-walls of the succeeding row. 

The same difference may be noted between the several species of 
Entalophora and Spiropora from Ranyille, which Haime figures. 
The zocecia are ordinarily disposed in alternating rows, whereas 
in the Dorset forms the cell-walls are thicker and the cell arrange- 
ment in longitudinal lines. 


2, ENTALOPHORA MAGNIPORA, sp.noy. (Pl. XIX. figs. 11, 12.) 


Width of zoarium 1°8 millim.; zoccial length 0-9 to 1, width 
0-3; aperture 0°13. 

Zoarium erect, ramose and robust, the stem nearly 2 millim. 
thick, dichotomously branched. Zocecia large, the peristomes ar- 
ranged at a spiral angle of from 40° to 50°. Zocecia free for about 
one fourth of their length; the exsert part, where perfect, diminish- 
ing in size towards the aperture, where it becomes more conical, and 
frequently projecting horizontally from the stem. Apertures orbi- 
cular, ten to each annulation, closures within the orifice. Surface 
of zoarium punctate and wrinkled. Surface-pores slightly exsert. 
Ovicells funnel-shaped inflations enveloping one or more cells 
(Pl. XIX. fig. 11). 

A longitudinal section shows large communication-pores in the 
cell-walls of the interior of the zoarium; and I think there is evi- 
dence of club-like rays on the surface of the inner wall as described 
by Waters in some Australian Entalophore *. Between the surface- 
pores also there are traces of fine granulation. The zocecial tubes 
in section are seen to contain coloured grains probably of oxide of 
iron. 

As I have before noted, this may be the erect stage of Proboscina 
spatiosa, but from other Entalophore it is marked off by the greater 
thickness of the zoarium, and by the large zocecia and apertures. 
It has, however, some relationship to Entalophora raripora, d’Orb. 


3, ENTALOPHORA RARIPORA, d’Orb. (Pl. XIX. fig. 10.) 


Entalophora raripora, d@’Orb. Prodr. de Paléont. Strat. ii. p. 267 
1850). 

ae santonensis, d’Orb. Pal. Frang., Terr. Crét. pl. 623. 
figs. 15-17 (1850-52). 

Entalophora raripora, d’Orb. Pal. Franc., Terr. Crét. p. 787, pl. 621. 
figs. 1-3 (1850-52); Novak, Beitr. z. Kenntn. d. Byroz. d. Bohm. 
Kreide, p. 32, pl. 8. fig. 2, pl. 10. figs. 1 & 2 (Wien, 1877); Waters, 
Foss. Cyclost. Bryoz. from Australia, Quart. Journ. Geol. Soe. 
vol. xl. p. 686 (1884). 

Zoarial width 1-2 to 0°8 millim.; zoecial length 1-3, width 0-4; 
aperture 0°13 to 0°17. 

Some of the specimens are rather more robust than those figured 


* «On Tertiary Cyclostomatous Bryozoa from New Zealand,’ by A. W. 
Waters, F.G.S., Quart. Journ. Geol. Soc. 1887, p. 340. 
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by d@Orbigny. The section (Pl. XIX. fig. 10) illustrates the internal 
arrangement of the zocecia and shows the large surface-pores. 
Longitudinal sections exhibit the cells containing coloured grains 
probably of oxide of iron. 


4, ENTALOPHORA RARIPORA, d’Orb., var. ANOMALA, Reuss. 

Entalophora anomala, Manzoni, Brioz. foss. d. Miocene d’ Austr. 
ed Ungh. p. 10, pl. 9. fig. 3 (Denkschr. Akad. Wiss. Wien, Bd. xxxix. 
1878). 

Zoarial width 1:2 to 0-9 millim.; zocecial length 1:6, width 0°3 ; 
aperture 0°17, 

The zocecia are longer and rather less wide than in d’Orbigny’s 
type and open in fours around the stem. Waters, however, classes 
EL. anomala, Reuss, as synonymous with H. raripora,VOrb. EH. gra- 
cis, VOrb., would be as well, I think, classed as a variety of H. rari- 
pora also, so then my variety corrugata as well as anomala, Reuss, 
might be placed under the head £. raripora, d@Orb. One finds 
numerous intermediate forms. 


5. ENTALOPHORA sUBGRACILIS, d’Orb., var. corRuGaTA, nov. (PI. 
XVIII. fig. 14.) 


Entalophora subgracilis, d Orb. Prodr, 11. p. 267 (1847) ; Paléont. 
Frane., Terr. Crét. p. 788, pl. 621. figs. 4-6 (1850-52). 

Zoarial width 0°5 millim.; zocecial length 1°3, width 0:2; aper- 
ture 0-1. 

The points of divergence from LZ. subgracilis are, first, the greater 
width of the zoarium, viz. 4 millim. instead of 3 millim.; secondly, 
the more numerous Zocecia, five to a series instead of four. Further- 
more the surface is transversely wrinkled and punctate. There are 
solid, irregularly perforated closures within the zocecial orifice. 


EXPLANATION OF PLATES XVII.-XIX, 


Puate XVII. 


Fig. 1. Proboscina spatiosa, sp. n., uniserial form. X10. 
2, 3. The same, ordinary form. x10. 
4, Proboscina incrustans, sp.n. X10. 
5. The same, gonecium? 265. 
6. The same, zocecia, flattened ocecia and ovicell. X25. 
7, 8. Diastopora spatiosa, sp.n., with capitulum of erect branch. x6&7. 


Puats XVIII. 


Figs. 1, 2. Proboscina spatiosa, var. brevis. X12. 
3-5. The same, var. brevior. X8 & 12. 
6a. Stomatopora spirata, sp.n., X6. 66. A portion, x 15. 
ie porrecta, sp.n. X20. 
8. The same. X18. 
9. dichotomoides (d’Orb.), var. attenuata. X15. 
10, 11, 12. Tubulipora spatiosa, sp.n. X10 
13. Idmonea triquetra (Lamx.), var. Parkinsoni. X10. 
14. Entalophora subgracilis, d’Orb., var. corrugata. X10. 
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Puate XIX. 


Figs. 1, 2. Jdmonea claviformis,sp.n. x8. 
3, 4. triquetra (Lamx.), var. Y-formis. X10. 
5, 6. stomatoporoides, sp.n. X10 & 16. 
7. Bisidmonea tetragona (Lamx.), var. ovalis. X10. 
8. The same, side view. X12. 
9. The same, with ovicell. x10. 
10. Entalophora raripora, V@Orb., transverse section. X20. 
11, 12, magmipora, sp.n. X10. 


Discussion. 
Dr. Hinpz remarked that Mr. Walford had been fortunate in his 


discovery of such well-preserved examples of Polyzoa, and that he 
appeared to have worked them out in a thoroughly satisfactory way. 
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36. On the Suspivistons of the SpEnton Cray. By G. W. 
Lametuen, Esq. (Read March 6, 1889.) 


(Communicated by Chument Rein, Esq., F.G.S.) 


INTRODUCTION. 


TweENTY years ago Professor J. W. Judd, in a paper * which has 
become classical, described to this Society the Clays which emerge 
from beneath the Chalk at Speeton on the coast of Yorkshire, and 
showed that they comprise the fullest development of marine beds 
of Lower Cretaceous or Neocomian age to be found in England ; and, 
in a later papery, he pointed out that the section at this place 
furnished the key by means of which might be identified the more 
or less isolated and fragmentary exposures of beds of this age 
scattered over the whole of the great North-European area. He 
showed, moreover, more clearly than had hitherto been done, that 
the uppermost beds of the Jurassic formation were also represented 
in the series, and defined the limits of the two systems. 

In spite of the acknowledged importance of the section and the 
uncertainty which still pertained to parts of it, there has been 
practically no addition to our knowledge of the locality since these 
papers were published—the reason for this being, no doubt, the 
generally obscure and difficult state of the cliffs, as it is rarely, 
except in the winter or in stormy weather when this bleak coast- 
line has few visitors, that the conditions of the section are favourable 
for observation. 

It needs a high and stormy tide, to reveal a fresh unweathered 
surface of clay at the foot of the slopes, or a heavy onshore gale, to 
sweep aside the sand and shingle of the beach, before the student of 
the section can make any really satisfactory progress either in col- 
lecting the fossils or in studying the sequence of the deposits; and 
many repetitions of such conditions are necessary before the many 
difficulties of the section can be grasped. For work of this kind, 
which can only be carried on at intervals, it is almost indispensable 
that the observer should live near the locality ; and it is because of the 
opportunities I have had during the last ten years, by residence in the 
neighbourhood, that I have been able to accumulate the observations 
which I propose to summarize in this paper. Even now, as will be 
found, my knowledge of the section does not include quite the whole 
of the clays, but many more years might have elapsed had I waited 
to make it complete. 


BIBLIOGRAPHY. 


The bibliography and history of the beds up to the date of publi- 
cation of Professor Judd’s first paper, in 1868, were thoroughly 


* Quart. Journ. Geol. Soc. vol. xxiv. p. 219. 
t Jbid, vol. xxvi. p. 326. 
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dealt with therein *, and the following are the chief additions to 
the literature of the subject since that time known to me :— _ 


1869. Muysr, C.J. A. “ Note on the passage of the Red Chalk 
of Speeton into an underlying Clay-bed.” Geol. Mag. 
vol. vi. p. 13. 

1875. Professor J. Puitires. Geology of Yorkshire, 3rd ed. 
pt. i. (In this edition Prof. Phillips gave the result 
of his later researches at Speeton; and in alist of York- 
shire fossils, to be found in the same volume, several 
species are recorded for the first time from the Speeton 
Clay.) 

1888, Explications des Excursions; Congrés Géologique Inter- 
national, p. 152. (In my description of the Speeton 
section in this guide-book, I briefly mention one or two 
of the points dealt with in this paper.) 


Besides the above, there have been various incidental discussions 
of the section in different articles and memoirs, but I am not aware 
that in any of these have any new observations been recorded +. 


PRESENT STATE OF THE SPEETON CLIFF-SECTION. 


A few notes comparing the present state of the cliff with its 
condition twenty years ago will, I think, be found useful to anyone 
visiting the section or studying its literature. 

The higher part of the cliff itself has, as Judd predicted, become 
more and more obscure, and the only portions in which any workable 
section may now be observed are the ridges lying to the north and 
to the south of Black Cliff. 

The workings that were once carried on for the extraction of the 
‘‘cement-stones” in one part of the cliff, and for “ coprolites” in 
another, have long since been abandoned and obliterated—the latter 
having been suddenly and completely closed in 1869 by a great 
landslip, which, had it happened in the daytime, would have entombed 
the miners as it has done their tools. 

With regard to the foot of the cliff, that portion lying to the 
southward, between Speeton Beck and the chalk precipices, has pro- 
bably undergone little change, or it may even be better exposed than 
formerly, since clear though shallow sections of the clays may 
generally now be seen here under the slips of chalk and drift. 

Along the foot of Black Cliff, also, there have been only slight 
changes, and the heavy slip of the clays mapped by Judd still persists, 
though the sea is gradually removing it, and sometimes reveals in it 
an excellent section. 

Middle Cliff seems to have altered for the better, through the 
breaking away of some of the slipped drift which encumbers it, so 
that along its base there is generally now a continuous section of 


* Quart. Journ. Geol. Soe. vol. xxiv. pp. 219 & 220. 
+ For some account of two important additions to the literature of the Speeton 
Clays since the above was written, see “‘note” at the end of this paper, p. 608. 
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the “ Novicus-beds,”’ and of the upper part of the “zone of Belem- 
nites lateralis,” and this constitutes one of the best collecting-grounds 
of the locality. These beds are puckered up into shallow folds. 

The greatest change has taken place in New Closes Cliff, where 
the northern termination of the clays has been quite blotted out 
by the huge slip of drift which closed the “ coprolite’’ workings. 
On the other hand, the sea has removed most of the talus heaps of 
the workings, so that the bituminous shales (Upper Kimeridge) are, 
for a short distance, well seen in the cliff-foot. 


THE SHORE-EXPOSURES. 


The beach off the clay-cliffs consists of sand with a little shingle, 
but as we go southward towards the great chalk-cliffs the flinty 
shingle increases rapidly both in quantity and in roughness, till it 
gives place to a rude pavement of loose blocks. 

There is usually a rather steep slope of shingle with some sand, 
known to our fishermen as the “canch,” near the foot of the cliff, 
and below this a broad flat belt of wet ripple-marked sand, which 
during neap-tides is scarcely uncovered, but during springs may 
attain a breadth of over 250 yards. 

In stormy weather the sand forming this flat belt, instead of being 
spread evenly over the shore, is driven up into ridges, or is carried 
below the low-tide limit, leaving surfaces of the underlying clay 
exposed. 

As the surface of this clay is some feet below the normal level of 
the sandy beach, when the beds are thus exposed, the breadth of the 
tidal flat 1s, of course, very much narrowed. Thus, in the accom- 
panying ground-plan (fig. 1, p. 578), the broken line indicates the 
limit of low water as marked on the 6-inch Ordnance-map, while 
the seaward edge of the strata, as shown in the figure, is nowhere 
far from low-tide mark when the beach is thus denuded. 

These exposures occur far more frequently over some portions of 
the beach than over others, and the “‘ canch” itself is rarely broken 
through ; but I believe that could a series of observations be carried 
on for long enough, the beds might be mapped over the whole of the 
shore. As it is, I have marked down on the ground-plan such 
strata as I have actually seen; and have connected these exposures 
by broken lines; which indicate the supposed extension of the beds 
where not yet observed. 

That part of the shore which lies off the northern half of Black 
Cliff has of late years been far more subject to such denudation 
than any other portion. Consequently I have here had the greatest 
facilities for studying the beds, and my measurements and descrip- 
tions of the section have been chiefly made on this part of the section, 
where fortunately a fuller succession of the beds is shown than any 
other portion of the beach could reveal. 

As this plan shows, the clays after emerging from beneath the 
halk have a course that, though variable, does not at first present 
any marked irregularity; but a little further northward the beds 
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e. 1; Grownd-plan of the Coast at Specton, showing the Course of the Beds on the Shore and in the foot of the Olif). 
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become mucb disturbed and roll over in numerous short sharp folds. 
The general strike of the clays is about east and west, changing 
occasionally to south of east and north of west; and the general dip 
is southward at varying angles. The axes of most of the sharper 
folds run parallel to a broader anticline that crosses the beach and 
brings up the bituminous shales (Upper Kimeridge) into the cliff in 
New Closes Cliff. 

The southward dip of the clays points towards the chalk escarp- 
ment; and their strike, even in the contortions, is generally more 
or less parallel to this escarpment. I think it is possible that the 
pressure of the chalk on these yielding clays may have affected their 
original arrangement, by causing an upward and outward creep from 
under the edge of the escarpment as it has been cut back. 

Some of the minor contortions visible at the base of the slopes 
are probably due to the recent slipping of the cliff, as, for instance, 
those seen in the great slip of Black Cliff; and these slips may even 
have slightly displaced the beds on the shore. But the remarkable 
plications in Middle Cliff, which course nearly at right angles to the 
cliff-line, must be at least of older date than the Glacial Period, since 
there is no evidence of the disturbance in the glacial clays which 
cap the cliff, nor in the stratified shell-bed at the base of the drifts. 

That the contorted beds just referred to form part of an anticlinal 
ridge, is clearly proved by the reappearance on the beach off New 
Closes Cliff (and probably also in the cliff itself), on the further 
side of the exposures of Upper Kimeridge shales, of the ‘‘ Coprolite- 
bed” and the overlying clays of the zone of Belemnites lateralis * 
(see fig. 1). 

These plications of the strata on the shore extend far northward, 
as I have seen the solid beds in Filey Bay, and they characterize all 
the exposures of the bituminous shales observed in places for nearly 
two miles from Speeton. 

It has been suggested that these contortions affect only the 
Jurassic beds, and that the Neocomians may rest on the denuded 
edges of the contorted strata. The cliff-section has been thought to 
support this view; but I think it is only because in the southern 
part of the area, where the Neocomians are best shown, all the beds 
run without much irregularity, whereas where the Jurassic beds 
reach the cliff in the disturbed anticline they exhibit violent con- 
tortions, while the higher beds, which are really also contorted, 
are cut away or masked by the overlap of the drift. 

At any rate the exposures on the shore show that where, as off 
Black Cliff, there is no serious disturbance of the Neocomians, the 
Jurassic shales are equally undisturbed ; and where, on the contrary, 
as off Middle Cliff, the lower division is thrown into folds, the upper 
beds are also plicated. Nor is there any other evidence at Speeton 
for the supposed unconformity between the one portion of the 
section and the other, unless the mere fact of the presence of the 


* This is confirmatory of the statement of Leckenby (as recorded by Judd, 
op. cit. p. 237), that the “ Coprolite-bed” might sometimes be seen on the shore 
nearly as far north as Hunmanby Gap. 
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bed of ‘* coprolites” be considered sufficient proof. I think there- 
fore that the statement mentioned with some degree of doubt by 
Judd in the text of his first paper *, but brought more prominently 
forward in the ‘‘Comparative Table” of a later paper tT, whence it 
has made its appearance in other quarters +, should be set aside as 
against the evidence. 

That the Coprolite-bed should have been traced by Leckenby so 
far north as Hunmanby Gap shows that the average dip of the beds 
is not great—not perhaps greater than that of the chalk—and that 
the breadth of the outcrop of the bituminous shales cannot be taken 
as evidence of their thickness. They are probably repeated over 
and over again in the contortions. And as there are strong reasons 
for believing that the shales seen in the cliff near Filey, which have 
been supposed to represent lower beds (“‘ Middle Kimeridge” and, 
on the shore, “* Lower Kimeridge”), are not in place §, it follows that 


* Quart. Journ. Geol. Soe. vol. xxiv. p. 237. 

t Ibid. vol. xxvi. p. 330. 

t E£. g., Survey Memoir of Country around Lincoln, 1888, p. 83 ez seq. 

§ Judd (op. cit. pp. 289 & 240) describes beds of sandy blue clay seen in the 
cliff about a mile to the south of Filey (¢.¢., about three miles north of Speeton) 
under the title of Middle Kimeridge, and seems to have regarded them as in 
place. Phillips, however, refers to them as making “slight appearances at 
several detached points in and under the drift” (Geol. of Yorkshire, 3rd ed. 
pt. i. p. 103). 

I have made careful examinations of these beds at intervals during several 
years, but have not yet succeeded in finding any of the Secondaries in place. 
The huge masses of shale which occur here at the base of the cliffand on the upper 
portion of the shore (the lower part of the shore I have not yet seen exposed 
here) are all “ bouldered ” in the Basement Clay, the lowest boulder-clay of the 
coast, one of whose characteristics is the frequent inclusion of masses of this kind. 
(See J. Phillips, Geol. of Yorksh. 3rd ed. pt. i. p.85; J. Leckenby, ‘ Geologist,’ 
vol. ii. p. 9, and Reports of Scarborough Phil. Soc. for 1854, p. 51; G. W. 
Lamplugh, Proc. Yorksh. Geol. and Pol. Soc. vol. vii. p. 244, for similar instances 
elsewhere.) ‘These “boulders” when they reach down to the shore-line might 
sometimes be supposed to underlie the drift, but when the beach is removed 
at the cliff-foot the boulder-clay is seen to passunder them. They are generally 
lenticular in shape, and some of them, with the bedding still preserved, are 
tilted nearly on end, and run up into the drifts for 30 or 40 feet above high- 
water mark. The most conclusive and convincing proof of their transportation 
is furnished by the fossils with which most of them abound. I have collected 
the following species from masses of shale which lay in the cliff-foot with un- 
interrupted bedding-planes :— 


Fossils from blue sandy Shale in the Drift near Filey. 


Ammonites brevispina, Sow. Pinna folium?, Y. & B. 
Belemnites clavatus, Blainv. Pecten. 

—— penicillatus, Sow. Modiola. 

Gryphea cymbium, Lam. Rhynchonella. 
Plicatula (near to) spinosa, Sow. &e., &e. 


This list shows that the masses from which I obtained the fossils have been 
derived from the Jamesont-beds of the Lias, with which they agree well in physical 
character. 

Of course other masses may have come from different horizons, but I believe 
that all I have yet had an opportunity of examining are Liassic; and I do not 
think that beds occurring under such circumstances offer any safe indications 
as to the “solid” geology of the locality. 
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our actual knowledge of the Speeton section does not extend to any 
great depth into the Jurassic portion of the series *. 


SupposeD Faurt in SpeEron Gap. 

It has been suggested that a fault of considerable throw may exist 
between the chalk and the main mass of the clays at Speeton, with 
a course coinciding nearly with the ravine of the Speeton Beck. 
But I think the supposed indications of a fault may be better ex- 
plained by an ancient foundering of the chalk escarpment, possibly in 
pre-glacial times. I have seen the beach cleared off the Gap and for 
some distance both northward and southward, and could find nothing 
more important than a small break which seems to cross the beach 
slightly north of the Gap, as shown in fig. 1, and which is quite of 
minor consequence. 

Tue Verticat SEctIoN. 


As it is impossible to obtain a detailed section in the cliff, I have 
measured the succession of the beds on the shore as opportunities 
occurred ; and though the difficulties met with on a sloping shore 
preclude the possibility of absolute accuracy, I am confident that 
the following sections, which are based on a long series of obser- 
vations, give, where completed, the true sequence of the beds and 
approximate very closely to their true thickness. 

In tabulating these sections I have not been able to adopt in its 
entirety the scheme of classification propounded by Judd, for reasons 
which will be given in full detail ; but have found it easier to apply 
a new system of division based on the Belemnites. The lines of 
this division sometimes coincide with those already in use, and 
sometimes do not, as will be pointed out in my descriptions. 

Belenuvites is undoubtedly the most plentiful fossil of the clays, 
and occurs in the greatest profusion in nearly every bed above the 
Coprolite-bed. And though I am aware that these fossils are not 
usually considered desirable for stratigraphical purposes, yet in this 
case they are so palpably the natural guide to the section, that as 
such I have not scrupled to use them. As will be shown, they occur 
in well-defined species or groups, having on the whole well-defined 
limits corresponding to definite horizons in the clays and to marked 
changes in the fauna. 

I propose therefore in this paper to divide the Speeton section in 
the following manner :— 


. Marls with Belemnites minimus, List., and allies. 

. Zone of Belemnites senrcanaliculatus ? + and allies. 

Zone of Belennites jaculum, Phil., and varieties. 

. Zone of Belemnites lateralis, Phil., and varieties. 

. Coprolitic seam. 

. Bituminous shales with varieties of Belemnites Owenri, Pratt. 


Hed OWb 


* In J. Leckenby’s “ Notes on the Speeton Clay” (Geologist, vol. ii. p. 9), we 
possess a valuable record of beds somewhat lower than any which have been 
recently exposed, but the details are unfortunately meagre (see diagram, fig. 2, 
facing p. 618, and note at p. 584). 

t+ Adopting this specific name as used by Judd, for discussion of which see 
Appendix (p. 611). 
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These divisions I will now proceed to describe, commencing with 
the lowest. 


F. Upper Kimeridge. 


The lowest beds l have myself seen at Speeton, whether in the 
cliff or on the shore, are hard dark bituminous shales, finely 
laminated. These are best seen off Middle Cliff when the shore 
is uncovered, cropping out for over 150 yards in a series of sharp 
folds (see fig. 1). They may also often be studied in a low section 
at the foot of New Closes Cliff. 

Southward they may, under favourable circumstances, be followed, 
underlying the higher clays, across the beach off Black Chiff, nearly 
as far as Speeton Gap, though for the greater part of this distance 
only the topmost beds are seen above low-water mark. 

Northward from Speeton I have seen these bituminous shales in 
several places on the shore, especially off the neighbourhood of 
the village of Reighton. 

These shales are nearly everywhere very fossiliferous, but the 
fossils are crushed between the lamine in such a manner as to ren- 
der their specific determination difficult. Ammonites in this con- 
dition are very abundant, and there are also many small bivalves. 
Belemnites are very rare, the shales in this respect being in marked 
contrast with the overlying clays. The few specimens of Belem- 
nites that I have found, however, have all been in good condition 
and fine examples of their kind. 

They are all closely allied to Bel. Owenii, Pratt, and have been 
determined as varieties of that species, thus supporting the expressed 
opinion of Phillips, Judd, and others, as to the Jurassic age of 
this part of the section *. 

The folding and consequent repetition of these shales makes it 
a difficult matter to measure them on the beach, and the section 
given in fig. 3 (facing p. 618) is the only one I have obtained. 
Though incomplete, it will serve to show the character of the strata. 

The nodules, which occur in bands in these shales, differ in many 
ways from those in the Neocomian beds. They are of large size, 
being in some bands from two to ten feet in diameter, and discoidal in 
shape, and they are composed of a palish blue limestone with strongly 
marked septa of yellow calcareous crystals. They seem to have 
been formed subsequently to the compression of the shales, as I have 
noticed cases in which a film of crushed Ammonites ran through 
these concretions, just as through the surrounding shale. 

As will be seen from the fauna as given below, there can be no 
doubt as to the age of these beds, which thus give us a base to 
work from. They represent the ‘Upper Kimeridge’ of English 
geologists (see note at conclusion of this paper, p. 608). 

The following species have been determined in my collection from 
these shales :— 


* See Appendix, p. 610. 
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Fossils from the Bituminous Shales, 


Ichthyosaurus ? (imperfect skeleton). tLucina minuscula, Blake. 
Ammonites biplex ?, Sow. TOstrea gibbosa, Leswewr. 
+Belemnites Owenii, "Pratt * and tAvicula, sp. 
varieties, Discina latissima, Sow. 
tAlaria trifida, Phil. Lingula ovalis, Sow. 
tCardium striatulum, Sow. tPollicipes Hausmanni, Koch & 
Dunker. 


E. The Coprolite-bed. 


Wherever I have seen the top of these bituminous shales, I have 
found them capped by a thin stony band of black phosphatized no- 
dules, as shown in fig. 3. 

This is the bed which was formerly mined in New Closes Cliff, 
and it is undoubtedly the “ Coprolite-bed” of Judd, though not, I 
think, of Leckenby. It is referred to by Phillips as the ‘ pebble- 
bed”t. The average thickness of this band is only about 4 inches, 
a thickness which it preserves, along with its other characteristics, 
throughout the section with very slight variation. 

Among the lumpy nodular material of which it is composed, one 
notices numbers of black phosphatic “ pebbles,’ some of which 
glisten with a pyritous lustre. These are caked together in a 
matrix, probably partly phosphatic and partly aluminous, which 
yields to the weather and causes the crumbling of the bed. Many 
of the ‘ pebbles ” are subangular; others seem to have been the casts 
of shells or fragments of Ammonites; while some show a vague 
blurred resemblance to the bones of Saurians; but it is rarely that 
any fossils can be obtained in a recognizable condition, econ occa- 
sionally Belemnites. 

The outcrop of this bed in the cliff is hidden under a fanaa but 
I have followed it on the shore off nearly the whole length of Bla:k 
and Middle Cliffs. 

It is difficult to say whether the fossils which occur in this seam 
are indigenous to it or have been derived. The Belemnites, though 
much eroded and broken as though by long exposure on the sea- 
bottom and by subsequent pressure, are yet not usually imperfect, 
but show the whole length of the guard, and can scarcely, I think, be 
other than indigenous. They belong either to Bel. laterals or to a 
closely allied species §. The other fossils have more the appearance 
of derivatives, but the sameness of character of the so-called 
pebbles is certainly remarkable. A list of these fossils so far as they 
are determinable will be found included in the table at p. 591, but 
it is not often that we can recognize more than the genus. 

Similar black phosphatized stones occur scattered throughout the 
lower part of the overlying clays, sometimes sparsely, sometimes 

* See Appendix, p. 610. 

t These species are now recorded for the first time. Iam indebted to 
Mr. T. Roberts for most of the above determinations. 

t Geol. of Yorkshire, 3rd ed. pt. i. p. 102. 


§ Professor A. Pavlow has recently stated that this Belemnite cannot be dis- 
tinguished from a Russian ‘‘ Lower Volga” species, B. absolutus. 
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more plentifully, and, as we shall presently see, in at least one other 
case they tend to accumulate in a stony layer. These, though as a 
rule smaller than those in the Coprolite-bed, seem to be the same in 
composition, and have probably had the same origin, whatever that 
may have been. And it seems to me that this coprolitic band may 
have been formed during a period when, either through the increased 
strength of the current, or through lack of material, or from some other 
cause, the deposition of the clay ceased and allowed time for the 
heavier nodular matters dropped over the sea-bottom to accumulate 
as a band. 

This Coprolite-bed is undoubtedly a most important horizon in 
the series, both stratigraphically and paleontologically. There isa 
marked change in the character of the deposits almost immediately 
above it, and also inthe fauna. Indeed, of the few Jurassic forms 
which pass it, the doubtful Lingula ovalis is the only species yet 
found in the bituminons shales, though our limited knowledge of 
their fauna deprives this observation of much force. 

When we turn to Judd’s section*, we find that between the 
bituminous shales (Upper Kimeridge) and this Coprolite-bed he 
intercalates a set of beds of Portlandian age, which are stated to 
consist of, first, a “‘ peaty clay with fish-remains,” and, below this, 
layers of ‘‘ dark-coloured clay with hard stony bands,” containing 
well-preserved Ammonites of the coronated type. The correlation of 
these strata with the Portlandian rests chiefly on these Ammonites. 

Judd does not give the thickness of these beds, and says expressly 
that he did not himself see them, but had had his account of them 
from Leckenby. 

These ‘‘ coronated ” Ammonites are to be found in all the old eol- 
lections made at Speeton, but it is now very difficult to obtain them, 
so that for a long time I could not make out whence they came. I 
could find no beds among those [ had examined below the Coprolite-bed 
in which there was any probability of their occurrence, the mode of 
preservation of these highly inflated forms being totally different from 
the compressed character of all the remains in the bituminous shales, 
wherein, as already stated, the fossils are flattened out even when 
included in the nodules. At length, however, during an exposure 
last autumn, I detected traces of them in the clays of the Lateralis- 
zone at some distance above the Coprolite-bed, and following this 
clue, soon succeeded in finding a good specimen at this horizon. 
This caused me to re-examine the evidence on which was based the 
statement that these fossils came from below the Coprolite-bed, and 
in doing so I compared my own section at Speeton with that of 
Leckenby 7 and with Judd’s. It then became evident that what 


* Op. cit. p. 23). 

+ J. Leckenby, ‘Geologist, vol. ii. p. 9. This paper extends to barely 
three pages, but contains a detailed section of part of the clays, with lists of 
many of the fossils. These lists are somewhat misleading, since many of the 
commoner fossils are omitted, and often only the rarer forms (recorded under 
little-known names) are mentioned ; indeed it is probable that the section has 
been originally compiled more as a guide to the collection of the rarer fossils 
than as a serious attempt to describe the strata. The sequence, however, is 
accurately given, and the paper is of great value for comparison. 


SUBDIVISIONS OF THE SPEETON CLAY. 585 


Leckenby meant by the “ Coprolite-band” was not the same hori- 
zon as the “ Coprolite-bed” of Judd, that he indicated by that 
name the very striking layer of limestone-nodules with scattered 
coprolites, presently to be described in this paper as ‘“ the Compound 
Nodular Band.” 

The existence of this higher band was apparently unknown to 
Judd, who seems to have had no doubt that the bed mentioned 
by Leckenby was the one known to him. However, as Leckenby’s 
section and my own researches show, the coronated Ammonites really 
occur in the hard pyritous clays which Judd himself saw and, not 
knowing this, described as the ‘* Zone of Amm. Astierianus.” And 
thus it happens that the “ Portlandian” of Leckenby is part of the 
“‘ Lower Neocomian”’ of Judd, and the hypothetical beds placed by 
the latter author below the lower Coprolite-bed have no existence. 

In the diagram (fig. 2, facing p. 618) the section given by 
Leckenby is arranged side by side with Judd’s and my own, so as 
to show these results. - 


D. Zone of Belemnites lateralis, Phil. (fig. 4). 


Though I have described the Coprolite-bed separately because of 
the importance attached to it by previous authors, there is really not 
much reason for separating it from the overlying clays, of which it 
may be considered as the base. 

Immediately above the ‘‘ Coprolite-bed ” we have about 10 inches of 
hard blackish shale (D 8), which does not differ much in appearance 
from the bituminous shales below(F),so that Leckenby’s description of 
this ‘‘ Coprolite-bed ” as ‘‘ a seam of coprolitic nodules” in a “ stratum 
of dark brown shaly clay ” (Bed 6 of his section) is really justified. 

In this shale I have not detected any fossils except a fragment of 
bone and a few greatly eroded specimens of Belemnites. These 
latter are beyond specific determination, but what is left of them 
shows that they are not far removed from B. lateralis; if not 
actually of that species, they must, like those in the Coprolite-bed, 
belong to an allied form. 

In the overlying band of greenish-black shale undoubted speci- 
mens of Bel. lateralis can be readily identified. From this point 
the species occurs abundantly, and remains predominant up to the 
Compound Nodular Band. Figure 4 gives the detailed section of the 
zone from top to bottom. 

The only other fossils I have noticed in the band are a few shells 
in a fragmentary condition; but the bed also contains a thin 
sprinkling of small black pebbles, probably phosphatic, generally 
not larger than peas. 

The variegated and banded clays which lie above serve as 
passage-beds into the very conspicuous pale band (D6), which 
forms a striking feature in the section. In the latter bed the clay 
towards the centre of the band becomes very firm and hard—indeed 
Leckenby, who noticed the “‘ remarkable line of demarcation ” which 
the bed makes, describes it as an “‘argillaceous stone.” It is curi- 
ously mottled, in its lower part especially, with flattened tubular 
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markings in various tints of grey, green, blue, and brown, showing 
dark in the paler beds, and pale in the darker. Ina thin seam at 
the base of the band this structure is particularly well developed, 
the markings being of a bright blue colour on a dark blue ground. 
Many beds higher in the section show the same peculiarity, 
though not often so definitely. 

Small black coprolitic “ pebbles” occur sporadically throughout this 
band. Belemnites lateralis abounds, sometimes attaining a large size, 
and both large and small specimens are excellently preserved. The 
other fossils, chiefly bivalves, are, however, in the form of soft crushed 
casts, and though they are by no means rare, there is great difficulty 
in obtaining determinations of them. 

Similar though usually somewhat less conspicuous bands of pale 
blue or grey clay constantly recur in all parts of the series at Spee- 
ton, as will be seen from the other sections. These pale clays 
are always tougher than the dark beds, and do not so readily splinter 
or “shale.” ‘They probably contain a larger amount of lime, and 
nearly always show a tendency to develop bands of nodules. These 
nodules are sometimes small ovoid or potato-shaped masses with a 
soft brown exterior but hard and dark within, with crystals of 
selenite and pyrites lining thin septa; or they form much larger 
irregular masses of hard pale blue or grey limestone, generally 
with strongly marked septa of yellowish calcite. The ‘ potato- 
nodules ” do not, asarule, contain fossils, but the limestone septaria 
at certain horizons often include large but generally imperfectly 
preserved specimens of Crioceras (Ancyloceras) or Ammonites, and 
sometimes other fossils also. 

In the dark clays D5, which succeed the pale blue bed, fossils 
are rare, but the horizon is characterized by the relative abundance 
of a Lingula (L. ovalis?), and we might therefore name it the 
Lingula-bed. Belemnites lateralis occurs in this bed in a curiously 
decayed state, the exterior being deeply eroded, while the interior, 
instead of showing the usual clear horn-like appearance, is quite 
opaque and white. 

A thin pale band separates the Lingula-bed from the next division 
of importance. This is a thick bed of splintery brownish clay (D 4), 
very full of pyrites disseminated through the mass in minute crystals 
and groups of crystals, which from its thickness and the abundance 
of its fossils is the chief member of the zone. Yet though fossils 
are here so plentiful, especially in the upper part of the bed, it 1s 
only when the clay is examined in a fresh exposure on the shore or 
at the foot of the cliff that this becomes evident, as the rapid 
decomposition of the pyrites coats the weathered surfaces of the 
bed with a whitish efflorescence, and rapidly destroys all except the 
coarser forms. During the process fine crystals of selenite are 
sometimes produced. , 

Judd has described these beds as the “* zone of Amm. Astierianus,” 
but I have not yet been able to detect any undoubted specimen of 
that species in any bed within the zone of Bel. lateralis. A small 
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species, not yet determined, but which I am informed is not Amm. 
Astierianus, 1s common in the bed just described *. Varieties of 
Exoygra sinuata occur in profusion, and, among other shells, an 
Astarte named by the early collectors Astarte senecta is very abun- 
dant; and as this shell is rare everywhere except in these pyritous 
clays, we might for convenience of reference speak of them as the 
“© Astarte-beds.” 

The fossils of the Astarte-beds as at present determined will be 
found separately indicated in the table at p. 591. Many additions 
might be made if the specimens could be identified without removal. 

Softer pale brownish and striped beds () 3) succeed, containing 
most of the fossils of the underlying beds. 

In addition, one of the ‘‘ coronated” Ammonites (Amm.Gravesianus, 
D’Orb.) occurs in a nodular band. ‘The shell seems to be plen- 
tiful in this band, but it is generally badly preserved; so that 
though I have found several casts of the deep umbilicus, which form 
curious long spirals, and other fragments, I have obtained only one 
good specimen. ‘The position of this Ammonite-bed on the beach is 
marked by a water-channel, a feature that may be owing to unequal 
erosion of the clays, though it is quite as probable that it has been 
caused by raids made on the band by the early collectors, who evi- 
dently set great store by these beautiful Ammonites, and who were 
quite capable of sccoping out the bed in their searches, just as they 
have served the famous plant-bed in the Oolites at Gristhorpe. 
Leckenby, it will be noticed, who made a large collection of these 
forms, has recorded the fossil from this horizon under the names Amm. 
quadrifidus, Bean, and Amm. cavaticus, Bean (see diagram fig. 2). 

The thin band of clay with nodules which caps these striped beds 
includes here and there lenticular masses of soft gritty ferruginous 
stone. Higher in the section these ferruginous stony bands are 
frequent, and more persistent in character, and are a distinctive 
feature of that portion of the clay; but this is the only example of 
this structure I have observed in the zone of Bel. lateralis. 

Dark blue or brownish clay about 4 feet thick lies above this band 
and reaches to the top of the zone. This clay (D2) is slightly gritty 
in texture and contains a quantity of dark green and black grains, 
probably of glauconite. It is crowded with Bel. lateralis and some 
other fossils, and has a plentiful sprinkling of brown “ potato-nodules ” 
and black and brown coprolitic stones. These latter become more 
abundant towards the top, and of larger size than anywhere else in 
the section. One lump measured 3 inches x 2x1, and I have seen 
others even exceeding this. Some of these stones, especially the 
larger ones, occasionally present a striking peculiarity in being on 
some sides quite angular. Usually they are more or less rounded and 
curiously eroded, as though by marine organisms, and are sometimes 
pitted by tubular holes that look like Pholas-borings; but it is not 

* Prof. A. Pavlow has recently stated his belief that these small forms may 


represent species well known in Russia as Olcostephanus subditus, Traut., and 
Oxynotyceras catenulatum, Fisch. (see note at p. 608). 
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uncommon to find a stone presenting this worn appearance in one 
portion cut suddenly across by a sharp-angled fracture, of which the 
face is apparently quite fresh and unworn. The stones often have 
a distinct tendency to break into cubical fragments after the fashion 
of septaria ; but I have satisfied myself that in the cases I have just 
described the fracture has not taken place as the stone lay in the 
clay, but that it was deposited there in this imperfect condition. 
In one instance one of these semi-angular stones, 33 inches in 
length, formed part of the outer whorl of a large Ammonite re- 
sembling Amin. biplex, but in no other case have I found any indica- 
tion of fossils in them. These stones are still more plentiful just 
above, in the compound nodular-band (D7). It is not easy to 
understand how pebbles of this size with unworn angles could be 
deposited in fine clay, and I shall revert to the matter in a later 
portion of my paper. 

Imbedded in the upper portion of this clay is the very clearly- 
marked line of curious nodules (D 7) which forms a peculiar feature 
of the section. The smaller of these nodules are of the usual oval, 
brown character; but these are subordinate to larger concretions, 
evidently of a later growth, which form large irregular flattened- 
oval masses of limestone of a pale grey or bluish tint. These 
masses generally surround and include several of the smaller “ potato- 
nodules” along with black coprolite-stones and fossils of various 
kinds. In some cases an examination shows that the smaller 
nodules with their black pyritous interior and brown outer coating 
have not only been completely developed, but have also suffered a 
certain amount of marine erosion before the concretionary action 
recommenced which formed the large limestone masses. 

Nevertheless, this renewal of the concretionary action has not 
taken place at a later date than the formation of the seam. It is 
evident that the deposition was at this period extremely slow, and 
thus allowed the action to take place contemporaneously, since the 
larger masses themselves often show distinct signs of weathering 
and decay as though they had been exposed on an open sea-bottom. 
The whole aspect of the seam as well as the evidence of the fossils 
‘indicates a pause in the deposition of the series. There is, however, 
not the slightest sign of an unconformity. 

Belemnites lateralis occurs in large numbers both in the nodules and 
in the clay surrounding them ; but here the species abruptly dies out, 
and I have not found any specimen of this species in higher beds. 
Its place is taken by Bel. jaculum, which sets in suddenly and 
abundantly just above the nodules and reigns supreme and all but 
alone throughout the succeeding 120 feet of clay. There may be a 
slight intermingling where the two meet, as their horizons seem 
somewhat to overlap, though it is rarely that one can find them 
actually together. It is possible that the guards of Bel. lateralis 
may have lain exposed for some time on the sea-bottom like some 
of the nodules, and the occasional intermingling need not neces- 
sarily indicate that the two forms were alive together in the same 
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waters. It seems as though, during the slow formation of this bed, 
some physical change had taken place which rendered the area unfit 
for its former occupants and permitted a sudden and vigorous inva- 
sion of fresh forms from other waters. 

With Belemnites jaculum appears Ammonites noricus—or, rather, 
the Ammonite immediately precedes the Belemnite, for it is found in 
abundance in the Compound Nodules associated with B. lateralis, 
though not lower. Like B. jaculum, it comes in quite suddenly, and 
seems almost immediately to attain its maximum development with 
respect both to size and numbers. About a foot above the nodules 
there is an almost continuous layer of large Ammonites apparently 
of this species, badly preserved as soft impressions in the clay, some 
of them measuring considerably over a foot in diameter. In the 
higher beds of its range it is rare to find dAmm. noricus exceeding 
two or three inches. 

The Compound Nodular Band is one of the best, if not the best 
horizon for fossils in the whole section. Remains of Saurians 
are comparatively so abundant in it that within the space of the 
short outcrop which can be examined I have thrice found a mass of 
bones indicating the occurrence of a more or less complete skeleton. 

Large specimens of Ammonites (other than Amm. noricus, but as 
yet undetermined) and Crioceras also occur in the larger concretions. 
This is the lowest level to which I have traced the last-named 
genus, so plentiful in the overlying beds. 

At page 591 will be found a list of the fossils already recognized 
from the zone of Bel. lateralis (including “‘ the Coprolite-bed”’), in 
which also are indicated those found in the Compound Nodular Band 
and the surrounding clay. 

That this Compound Nodular Band is the same as Bed No. 9 
of Leckenby’s section is placed beyond doubt by the fossils that he 
gives from the beds above and below ; Bel. jaculum and Amm. regalis 
(=Amm. noricus) in the one position, and Gryphcea sinuata (= Kxo- 
gyra sinuata) and Astarie senwata, Bean (evidently a misprint for 
Astarte senecta), are conclusive on this point. Anditis equally clear 
that it is to this band, and not to the true Coprolite-bed, that 
Leckenby refers in his note in Dr. T. Wright’s ‘ Monograph’ * as a 
“band of pseudo-coprolites” forming a ‘line cf demarcation ” 
«‘ distinct and clear” between the Jurassic and Cretaceous parts of 
the section. 

The question therefore now arises, whether the beds in which 
the coronated Ammonites are found should be relegated to the 
Portlandian. If so, we must follow lLeckenby in tracing the 
division between the Lower Cretaceous and the Jurassic at the 
Compound Nodular Band. But by so doing we include clays con- 
taining a few species which are not usually recognized as Jurassic, 
such as Belemnites lateralis and Exogyra sinuata +. 


* Mon. Brit. Cret. Echinod. pt. i. p. 9, Pal. Soe. xxi. 
f It will be noticed that most of the Neocomian species given in the list at 
p. 591 have been found only in the Compound Nodular Band, and not lower. 
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While my own researches fail to reveal any break in the strata 
at this horizon, which I regard rather as a passage-bed in which 
the two faunas meet, wherein there is necessarily a mingling of 
types, as shown by the occurrence of Bel. lateralis and Amm. noricus 
in the same nodules, they are yet distinctly favourabie to Leckenby’s 
view that the clays up to this point may be included with the 
Jurassic. The addition of Pecten lens, Sow., var. Morini, De Lor., and 
Avicula inequivalvis, Sow., to the list of Jurassic forms previously 
determined, strengthens the case in one direction; while my failure 
to find Amm. Astierianus, D’Orb., and some other Neocomian fossils 
which have been said to occur in this part of the section has the 
same effect in another way, by weakening the evidence on which 
the beds have been referred to the Neocomian *. 

Should the Jurassic age of these Lateralis-beds be considered as 
established, I would point out the important bearing which this 
alteration of the Speeton section will have on the beds elsewhere in 
England and Northern Europe that have been correlated with it. In 
the lists of fossils from these other localities (¢. g., the numerous ones 
given in Judd’s later paper f, or those in the recently printed Survey 
Memoir on the country around Lincoln +) one constantly notices Bel. 
lateralis along with Bel. jaculum and the other Neocomian species. 
It would become necessary to revise these lists and find out what 
forms are truly associated with Bel. lateralis and what occur in 
higher beds, so as to discover whether in other regions also it may 
be advisable to draw the upper limit of the Jurassic higher in the 
series. 

It may be well to mention in this connexion that in the upper 
beds at Speeton, in the zone of Belemnites semicanaliculatus ?, there 
is one form among the varying types of Belemnites which there occur 
that bears a close resemblance to Belemnites lateralis, and has some- 
times been referred to that species. Close examination of a large 
number of specimens, however, has convinced me that they are 
quite distinct. Where this form occurs alone it might easily be 
mistaken for the true Bel. lateralis, and this might lead to an erro- 
neous classification of the beds, supposing the respective horizons of 
the fossils to be as at Speeton. 


* By far the most important evidence yet adduced as to the age of these 
beds has been furnished since this was written by the Russian geologists Prof. 
A. Pavlow and M. 8. Nikitin, who show that they are the equivalents of the 
‘““Upper-Volga beds” of Southern Russia: see note at end of this paper (p. 608). 

+ Q.J.G.S. vol. xxvi. pp. 326-347. 

+ Survey Memoir: On the country around Lincoln, 1888, pp. 82-104. 


SUBDIVISIONS OF THE SPEETON CLAY. 


Fossils of the Zone of Belemnites lateralis, Phil. 


Belemnites lateralis, Phal. ............ 
(absolutus, H%sch., see Pavlow') 
Ammonites Gravesianus, D’ Ord. 
noricus, Schloth., and varieties 
rotula, Phil. (kaschpuricus, 
MG AniteeSCEMEAULOW)- cacesee.s Bana 
sp. (cf. subditus, Zraut., see Pav- 
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tAvicula inzequivalvis, Sow. ............ 
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Nucula, sp. (ovata of Leckenby*) ... 
, sp. (subrecurva of Leckenby *) 
Lucina portlandica?, Sow. (casts)... 
Astarte senecta, Bean, MS............. 
Panopza (plicata?, Sow.) ............ 
Thracia (depressa of Leckenby) ...... 
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t These species are recorded for the first time. 
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Higher beds. 


*K x* 


1 A Pavlow, ‘Etudes sur les Couches Jurassiques et Crétacées de la Russie’ 
2 Op. cit. p. 45, and plate. 


(Moscow, 1889), p. 43. 
2 Op. cit. p. 46. 


4 ¢ Geologist,’ ii. p. 9. 


> Lingula ovalis?, Sow. The species abundant in the Lingula-bed D5 was 
at first doubtfully referred to Lingula truncata, Sow., but a later opinion indi- 
cates that it is close to L. ovalis, Sow. ; and as it occurs in that portion of the 
section which has Jurassic affinities, I have preferred to use the latter name. 
It is, however, a larger shell than the species in the bituminous shales, which 


is always small. 
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Last of Fossils (continued). 
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Nore.—In these lists where the specific name is placed in brackets, it indi- 
cates that, though the fossil is in my collection, the determination is that of a 
previous author which has not yet been confirmed. 


C. Zone of Belemnites jaculum. 


I have already described the incoming of this Belemnite with 
its accompanying Ammonite (Amm. noricus, Schloth.). With these 
fossils we reach a stage of which the Lower Cretaceous or Neocomian 
age is beyond dispute, though there are still two or three bivalves 
in the lowest beds of the zone which seem to be Jurassic species, 
as might be expected from the conformable nature of the passage. 
From this point upwards there has been a steady and apparently 
uninterrupted accumulation of clay, and an equally steady advance 
of the fauna. 

Belemnites gaculum ranges through about 120 feet of clay, and 
throughout this thickness I have seen but a single specimen of a 
different species. The solitary trespasser, which was found in the 
upper part of the Norzcus-beds, is a deeply grooved Belemnite, not 
rare in the upper division (B) of the series. 

Amm. noricus has not nearly so extended a range as B. jaculum, 
dying out after tenanting less than 30 feet of the zone, and giving 
place to Amm. speetonensis, Y. & B., which, in its turn, shows up 
strongly through the succeeding 30 feet and then becomes very rare, 
though it does not actually disappear till we come very nearly to 
the top of the zone. These Ammonites thus mark convenient sub- 
divisions, and have been used by Judd for that purpose. 

The section, fig. 5, gives the full extent of the zone and shows 
these subdivisions. It is the resuit of repeated measurements on 
the shore off Black Cliff, to a great extent checked and corroborated 
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by examinations under favourable circumstances of the cliff-foot 
lying opposite and to the northward *. Since this Belemnite and 
the forms grouped around Bel. semicanaliculatus divide between them 
the Lower Cretaceous part of the section, we might, if the term Neo- 
comian is to be retained in use, appropriately name this zone the 
Lower Neocomian, and if not, the Lower Speeton Beds; and the 
overlying beds the Upper Neocomian or the Upper Speeton Beds. 
In doing so, we omit the term Middle Neocomian altogether; but I 
shall show that this term cannot satisfactorily be applied at Speeton. 

I think the description which Judd has given of the range of this 
Belemnite needs some correction, as the fossil is nowhere more 
plentiful than in the Woricus-beds (in which it has been said to be 
very rare), and in its upward range, soon after passing the base of 
the Spectonensis-beds, though still common enough, it becomes de- 
cidedly less abundant. 

Amm. noricus-beds.—The range of Ammonites noricus, which, as 
I have stated, commences with the Compound Nodular Band, thus 
just overlapping into the zone of Bel. lateralis, consists, as my section 
shows, of alternating bands of dark blue and pale blue clays, the 
dark beds on the whole predominating. Nearly all these clays 
contain the small brown-coated ‘ potato-nodules,’ which are not 
usually fossiliferous. The clays themselves, however, are often rich 
in fossils. 

_ he dark clay (C 11) immediately overlying the Compound 
Nodular Band is gritty, and full of dark green and black grains 
(glauconite), which tend, towards the top, to form a distinct seam. 
This bed is very fossiliferous, some of its bedding-planes being 
crowded with specimens of Avicula, Pecten, Ostrea (small species), 
LInma, Leda, and other delicate shells, which will scarcely bear re- 
moval and are therefore for the most part as yet undetermined. 

Somewhat higher in the zone (C9), the clays are characterized by 
the abundance of a small shell known in our Yorkshire museums 
under the MS. name of Jnoceramus venustulus, Bean, which, so far 
as I know, is peculiar to this portion of the section. 

In one of the nodular bands of this zone, that at the base of one 
of the pale seams in C9, many of the nodules, instead of being of 
the usual rounded oval shape, assume a flattened outline, and these 
are generally found to enclose specimens of Meyeria ornata, Phil., 
or other crustacean remains. This does not seem, however, to be the 
horizon known to early collectors as the ‘‘ Shrimp-bed,” as Leckenby 
and Judd agree in placing that bed higher in the series; but the 
fossil has a wide range and may occur anywhere within the zone of 
Bel. gaculum. 

It is not easy to define the exact upward limit of the Noricus- 
beds on the shore, as the fossil becomes somewhat rare in the 
uppermost layers; but I have not found it above the lower of 
two well-marked bands of rather large nodules distinguished by 

* A good general knowledge of the sequence of the beds in this zone may be 
gained on the ridge between Black and Middle Cliffs, nearly the whole of its 
thickness being there shown, though in places obscurely. 
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the great abundance of specimens of Crioceras. The space between 
the two bands is held by dark clay in which a variety of Amm. spee- 
tonensis is tolerably abundant. 

In these nodules, the. Crioceratites are not very large, but in a 
third bed 43 feet higher, in which here and there lenticular masses 
of ferruginous stone are developed, the specimens are of a different 
species, and often very large in size. 

In the list given at p. 597 the fossils of the Noricus-bed will be 
found separately indicated. It will be seen that several other 
species of Ammonites occur, but Ammonites noricus is throughout 
clearly predominant, the other forms being represented only by rare 
and scattered specimens. 

Amm. speetonensis-beds.—This variable and difficult species makes 
its first appearance, as Just mentioned, in the band of clay between 
the two nodular Crioceras-bands. The variety found here has very 
coarse ribs and is an extreme form of Amm. concinnus, Phillips ; 
a little higher in the section it is accompanied, and in great part re- 
placed, by the fine-ribbed variety Amm.venustus, Phil. The species 
speedily attains its greatest development, being most abundant in a 
thick bed of dark splintery shaly clay (C 6), where it is surrounded 
by a well-preserved and extensive fauna. 

Above this fossiliferous bed we have a considerable thickness of 
banded clays, alternately pale and dark blue, but with the dark 
tint predominating, in which fossils of any kind are rare, though 
Bel. jaculum may be traced throughout. The beds of this horizon 
are not often exposed on the beach, and their outcrop in the cliff- 
foot is hidden by the great slip in Black Cliff, so that opportunities 
for studying them are rare; but I have seen them several times, 
and can confirm Leckenby’s statement that they are sparingly 
fossiliferous. I have not yet found Amm. speetonensis in them, but 
it is probably not absent, as it is of frequent occurrence higher in 
the section. 

A marked feature in the clays from the base of the Speetonensis- 
beds upwards to the top of the zone of Bel. jaculum, and for some 
little distance beyond, is the frequent recurrence of irregular len- 
ticular beds of indurated ferruginous marl- or clay-stone, which 
form along nearly every line of nodules. These hard bands form 
miniature broken reefs of greyish stone in the shore-exposures ; 
but in the cliff they weather down into a red stain, which may 
be seen in conspicuous bands along the south side of the ridge 
separating Black Cliff from Middle Cliff. In Lincolnshire, as is 
well known, there is a great development of workable ironstone of 
this age. 

Supposed “ Middle Neocomian.”—I am inclined to think that the 
beds above C5 of fig. 5 fall within the range of the Middle Neoco- 
mian of Judd, who defines the base of this division as being formed 
by the ‘‘ Ancyloceras-beds,” described as dark blue clays, the metro- 
polis of Bel. jaculum, with regular layers of septaria, and in which 
Ancyloceras attains the maximum of abundance. This description 
applies best to the above-described Crioceras-beds at the top of the 
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Noricus-beds, at which horizon also Leckenby, it will be noticed, 
has placed his “ great band of Hamites” (see fig. 2). Judd, how- 
ever, has indicated also in his section a lower band with Ancyloceras, 
agreeing well in position with the bed just named, so that his true 
“ Ancyloceras-beds” may occur higher up among the sparingly 
fossiliferous clays, where as yet I have not been able to recognize 
them. At any rate, above these clays with few fossils we reach a 
series of dark gritty clays with green glauconitic grains, alternating 
with pale nodular bands (C 4), in some portions of which fossils 
again become plentiful, and these, it is clear, must be well within 
Judd’s “ zone of Pecten cinctus” (‘‘ Middle Neocomian”). We here 
find, along with Bel. jaculum and the small Ammonites nucleus, 
numerous large bivalves of the Oyster family, but the shells are so 
much crushed and disintegrated that it is rarely these can be 
identified. Vernucularia Sowerby: appears for the first time in the 
upper layers of these clays, and I have obtained shattered examples 
of a very fine Pleurotomaria from the same horizon, along with 
some smaller Gasteropods, Rhynchonelle, and other shells, and 
many Crustacean remains; but it is very difficult to obtain deter- 
minable specimens of the characteristic Pecten, which, except when 
preserved in nodules, is crushed to fragments. I do not see what 
there is in the fauna of these beds that led Judd to adopt the 
term “ Middle Neocomian” for them, except Pecten cinctus, which 
was taken as one of the most typical fossils. This shell, however, 
is by no means confined to these beds (as Judd himself admits), nor 
is it in any way peculiar to them, and the only really fine example 
I kave obtained of it at Speeton (a perfect specimen eight inches 
across) occurred in the Compound Nodular Band. It 1s stated also 
that in some foreign localities this shell is found in’ the Lower 
Neocomian * ; and I have myself found it associated with B. lateralis 
in Lincolnshire. 

Moreover, as I shall show that in the bed immediately overlying 
these clays several of the Lower Neocomian Ammonites reappear, 
along with other Lower Neocomian types, it seems scarcely possible 
to establish the ‘‘ Middle Neocomian” in this part of the section. 
Nor do I see to what part of the Speeton section the term can with 
any degree of utility be applied, since in descending from the 
“‘ Upper Neocomian” to the top of the zone of Bel. jaculum there 
does not seem to be any paleontological break either at the 
“‘cement beds ” or elsewhere, but, rather, a gradual change of fauna 
throughout, as shown by the overlapping ranges of many of the 
typical species. 

The Kchinospatangus-bed, C 5.—Next above the dark gritty clays 
we reach the bed in which, as just stated, the ‘‘ Lower Neocomian” 
forms reappear. ‘This forms a band of pale blue clay, fully eight 
feet thick, with a conspicuous pale yellowish or greenish-grey stony 
layer at its base weathering red in the cliff, which can be best 
examined at the cliff-foot in the great slip in Black Cliff. It may 


* Judd, Q.J.G.S. vol. xxvi. p. 345, foctnote, 
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also readily be traced, in places, high up on the ridge between Black 
and Middle Cliffs, and I have seen it in exposures on the shore. 
The clay is very tenacious, and, besides showing many smaller con- 
cretions scattered irregularly here and there, includes a band of 
rather large pale brown nodules. ‘Towards the centre it becomes 
browner in colour, and contains numerous small pellets of fine- 
grained iron pyrites, which, when closely examined, are often found 
to encrust small Echinoderms. The bed cannot be described as very 
fossiliferous, but it contains a fair number of small well-preserved 
specimens, and a close search reveals a considerable and interesting 
fauna. 

The smaller slender variety of Belemnites jaculum is rather abun- 
dant and in good condition, sometimes showing its rarely-preserved 
phragmocone. The Ammonites occur chiefly near the base of the 
bed, and all that I have seen are small in size. The fine-ribbed 
variety of Amm. spectonensis reappears, and is accompanied by 
several allied forms, including Amm. Astierianus. When a collection 
of these small Ammonites is made, specimens are found with cha- 
racters intermediate between the allied species; and I am inclined 
to think that the various forms of this closely-related group may be 
the result of the decadence and splitting up of the species Amm. 
speetonensis and its near neighbour Amm. Astierianus. 

The Foraminifera, which are of large size and well preserved, 
occur curiously, being found cemented together in small hard pellets, 
not often larger than shot-corns. 

But the most interesting paleontological feature of the bed is the 
abundance of the small Echinoderm. The tests of this group have 
been considered so rare in the series that we had Judd’s authority 
for regarding a solitary specimen preserved in the Scarborough 
Museum as unique, though the occasional occurrence of beautiful 
detached spines of Cidaris of large size at various horizons showed 
that these animals were not unrepresented in the seas of the period. 
The identification* of my specimens as Hchinospatangus cordt- 
formis, Breyn., a highly characteristic Neocomian type, is important, 
and leads me to doubt the correctness of the gisement assigned to 
the Scarborough fossil, which Judd (who records it as Yowxaster 
complanatus, Ag., one of the numerous synonyms of Echinospatangus 
cordiformis) supposes to have come from his “ zone of Amm. Astieri- 
anus” (= Bel. lateralis-zone of my section). The specimen is in a 
somewhat different state of preservation from those I haye found, as 
it is imbedded in a claystone nodule ; but this nodule has the soft 
brown character of those occurring in this bed, and I think there 
is every probability that it came from this or a neighbouring 
horizon. 

I have found a single example of the species in a pale bed about 
20 feet higher in the section, in the zone of Bel. semicanaliculatus 
(fig. 6); but, with this exception, all I have yet obtained have come 
trom the bed just described, C 3 of fig. 5, and to this bed, therefore, 
I think the name of the fossil may well be applied. 


* By Messrs. G. Sharman and E. T. Newton. 
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In the list given below, the fossils of the Hchinospatangus-bed, so 
far as they have been determined, are separately indicated. 

Top Beds of Jaculum-zone. —The remaining 9 or 10 feet of the 
Bel. jaculum-zone lying above the Eehimospatangus- bed show alter- 
nations of dark and pale clays in thin bands, containing the cha- 
racteristic Belemnite, along with Vermiculauria Sowerbyr ‘and other 
fossils. The upper limit of the zone is well defined by a thin double- 
bed of curiously mottled clay, the lower four inches being pale in 
colour with dark markings, while the upper five inches show pale 
markings ona dark ground, the two together forming an easily 
recognizable and conspicuous band. Above this horizon new species 
of Belemnites appear. ‘The clays of this part of the series are well 
exposed in Black Cliff where the sea washes the base of the great 
landslip; and they are repeated in a similar position further south 
under the north slopes of the Speeton Beck Ridge, where they occupy 
a position so much higher than is indicated in adjoining beach- 
exposures, that a small fault throwing about 20 feet to the north 
probably crosses into the cliff between the two points (see ground- 
plan, fig. 1, p. 578). The mottled bands may also be traced high 
up on the ridge between Black and Middle Cliffs. 


Fossils of the Zone of Belemnites jaculum, Phil. 
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List of Fossils (continued). 
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2 The range of the undetermined specimens is here indicated; probably 


several species are represented. 


° Fine large shells, but not well preserved. 
4 T have been informed by Prof. A. Pavlow that this unnamed species is 


known in Russia. 


> This is probably only the adult form of L. venustulus, Bean. 


t These species are recorded for the first time. 
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Inst of Fossils (continued). 
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B. Zone of Belemnites semicanaliculatus? 


Immediately above the mottled bands, C 7, fresh forms of Belem- 
nites appear, though the fauna does not otherwise immediately show 
much change, nor does Bel. jaculum become quite extinct, as I 
have met with small scattered examples 30 feet higher, and even 
above this there is a highly modified form which may be con- 


1 See Dr. James Carter’s notes on this species in Appendix, p. 617. 
t These species are recorded for the first time. 
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sidered a variety, though I think it deserves specific recognition 
(see Appendix, p. 611). 

The Belemnites in these upper beds include several distinct forms, 
about the identification of which there is great uncertainty. Many 
of them have been referred to Bel. semicanaliculatus, but none are 
typical forms of that species, and Judd, who so named them, has 
since stated * that they are the Bel. brunsvicensis, Von Stromb. 
It is probable that some of these forms will be found to have re- 
stricted ranges, but this has not yet been demonstrated, and, in spite 
of the variety, these various types taken together form a well-marked 
group totally distinct from those of the lower beds. Being more- 
over by far the most plentiful fossils, they afford the readiest means 
of describing and identifying the upper portion of the section; 
and I therefore propose, pending more decisive determination, to 
apply provisionally to this part of the clay the older and better 
known name of the species, and to speak of it as the Zone of Bel. 
semicanaliculatus ? 

It is rare that opportunities for studying this zone in detail 
present themselves, and I can give no complete section, as my know- 
ledge of it is still only partial. The beach south of Speeton Gap, 
where these beds mainly crop out, is very rarely stripped, and even 
when exposures do occur they are often encumbered by the large 
chalk boulders which here strew the beach, and which not 
only actually hide the beds, but have also been so pounded over 
them by the sea as to cause an obscure and battered surface. I 
did indeed, early in 1881, see a wide stretch of the beds to the 
southward of the Gap, but under conditions so unfavourable that I 
could do little more than note the direction of their strike, and that 
they consisted of banded clays with lines of large nodules; and 
when I went again in better weather to try to do more, the place 
was covered. 

I still think, however, that with patience it may be possible some 
time to work out this part of the section also. Meanwhile I give 
a section (in fig. 6) of the beds at the base of the zone, from 
measurements at the foot of Black Cliff, in part corroborated by 
an exposure on the shore. 

There is by no means the decisive change of fauna here that occurs 
at the base of the Jaculum-zone; but proceeding upwards we find 
many new species appearing, which shows, equally with the dis- 
appearance of many of the old forms, the changing character of 
the fauna, although there are examples of species overlapping im 
both directions at the junction. 

The clays in this section are decidedly darker than in any mass 
of similar thickness below, but yet include, besides several narrower 
ones, one broad pale band with two layers of large nodules. The 
nodules throughout the entire zone are generally larger than 
those of the lower divisions, and are paler in colour, probably con- 


* In a footnote to T. Davidson’s “‘ Notes on Continental Geology,” Geol. 
Mag. (1869), vol. vi. p. 263. 
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taining a larger proportion of lime. They are occasionally, but not 
usually, fossiliferous. 

The measurement of the beds in fig. 6 above the asterisk, 
having been made only in the great slip of Black Chiff, is somewhat 
doubtful. The clays seem to be in sequence, but I could not identify 
them in the Speeton Beck Ridge, where, however, the beds above 
a certain level are much disturbed and seem as though they may at 
some period have been forced forward bodily by an enormous 
foundering of the chalk, being for some distance nearly vertical, 
and then curving over in a large fold. In this fold on Speeton 
Beck Ridge the ‘‘ Cement-beds,” which Judd places at the base of 
his Upper Neocomian, are fairly well exposed, and the section given 
in fig. 7, which will serve to show their character, has been mea- 
sured across them, If there be any interval between the bottom of 
this section and the top of the last, I do not think it can exceed 
from 20 to 30 feet. 7 

Judd, enjoying, no doubt, exceptional facilities during the working 
of the seam, gives a long list of fossils from these ‘“‘ Cement-beds,” 
and correlates them with the Lower Greensand and Atherfield Clay 
of the south of England. He moreover maps these beds and the 
beds above them in the great slip of Black Cliff, and states that they 
may be well studied there. But the pale clay with nodules which 
is now prominent in this part of the section (the Hchinospatangus- 
bed) belongs, as I have shown, to a much lower horizon, nor is it 
likely that there has been any radical change here during the last 
twenty years. ‘There is indeed a much higher band of large pale 
fossiliferous septaria in dark clay (shown in fig. 6) occasionally 
slightly exposed near the southern end of the slip, which may 
possibly represent the ‘‘ Cement-beds,” but of this I am doubtful. 
If any of the fossils of the above-mentioned list were collected from 
the slip, there has almost certainly been a mingling of the faunas of 
two distinct horizons. Tor this reason I suspect the authenticity in 
the ‘“‘Cement-bed” list of Amm. marginatus, A. rotula, A. Nisus, 
Trochus pulcherrimus, Inoceramus venustulus, and a few other 
species. 

‘South of Speeton Gap, beds of dark clay and banded clay with 
nodules may be observed between the slips of chalk, and similar 
beds are occasionally visible in limited exposures on the foreshore 
as far as the broken ground extends. These clays, which show 
here and there brilliant pyrites in groups of fine cubival crystals, 
contain the same species of Belemnites as the cement-beds, and seem 
to have in general the same fauna. 

There is a remarkable scarcity of Ammonites throughout the 
zone. 

In the following list are recorded the species obtained by me from 
the zone of Bel. semicanaliculatus ?. Pending the completion of the 
section, I have not attempted to indicate the vertical distribution. 
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Fossils of the Zone of Belemnites semicanaliculatus ? *, 


Belemnites semicanaliculatus ? = Bel.| Exogyra (sinuata, Sow., af Judd). 
brunsvicensis, Stromb. (see Ap-| Pecten orbicularis, Sow. 


pendix, p. 611). Lima (spec. noy., Judd). 
(resembling sulcatus). TPinna tetragona, Sow. (?=gracilis, 
jaculum, Phil. Phillips). 


, sp. (extreme form of yaculum ?).| Cucullea securis, Leym. 
, sp. (resembling /ateralis, but a| Nucula (very similar to Menkei, Rom., 


distinct species). of the Kimeridge). 
Ammonites Deshayesii, Ley. subangulata, Forbes, MS. 
nucleus ?, Phi. if impressa, Sow. 
Crioceras, sp. Mya? phaseolina, Phil. 
Ancyloceras, sp. Isocardia angulata, Phil. 
Hamites, sp. Astarte levis, Phil. 
Nautilus, sp. Panopza neocomiensis, Leym. 
Rostellaria Phillipsii, Rom. = R. Par-| Pholadomya Martini, Forbes. 
kinsoni, Phil. TSerpula plexus ?, Sow. 
t candidula, Forbes, MS. antiquata, Sow. 
(bicarinata, Leym., of Judd ). Vermicularia Sowerbyi, Pail. 
Pleurotomaria, sp. }Terebratula Seeleyi, Walk. 
Turbo, sp. Rhynchonella suleata, Park. 
Dentalium (ellipticum?, Sow., of | Hchinospatangus cordiformis, Breyn.t 
Judd). Cidaris (spines). 
Ostrea, sp. | Fish. Wood. Foraminifera. 


A. The Uppermost Beds of the Speeton Olay: Zone of Belemnites 


minimus, ist. 


There is no section at Speeton showing the point of emergence of 
the clays from beneath the Chalk, for as soon as the base of the 
chalk is lifted above the shore-line it hides everything below by 
its continual slipping. 

I believe it is usually taken for granted that the remarkable 
unconformity seen below the Red Chalk along the western edge of 
the Wolds extends to Speeton, and marks the junction of the Red 
Chalk there with the underlying beds. The Rev. T. Wiltshire, 
however, has described the Red Chalk as passing into the Speeton 
Clay §; and ata later date, C. J. A. Meyer published a brief note 
on a section at Speeton in which this passage was very distinctly 
seen ||, but his note, perhaps from lack of full information concerning 
the position of the section in these slipped cliffs, does not seem to 
have had much effect in altering the prevalent view. There can be 
no doubt, however, that we have at Speeton below the Red Chalk beds 
of marly shale and clay, which, while they present many of the 

* Several species will be found recorded in this list which occur in the Lower 
Gault, showing the gradually changing character of the fauna. The lst is 
admittedly very incomplete, partly owing to the rarity of good opportunities 
for collecting from these beds, and partly to the difficulty of obtaining specific 
determinations of the fossils collected. 

t These species are recorded for the first time. Specific names in brackets 
indicate that the determination of a previous author has been used, but not 
confirmed. 

+ One specimen only, from the lowest beds, see p. 596. 

§ Wright’s Mon. Brit. Foss. Cret. Echin. (Pal. Soc.), p. 9, 1862. 

|| Geological Magazine, vol. vi. (1869), p. 13. 
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physical characteristics of the Speeton Clay, contain a fauna very 
closely allied to that of the Red Chalk ; and that these beds are far 
too thick to be explained * as the result of a “‘ working up ” of the 
underlying clays into the base of the Red Chalk. 

Fragments of these beds may occasionally be found among the 
slipped ground under the chalk escarpment; and recently the sea, 
having effected a considerable removal of chalk-débris in the cliff- 
foot south of the Gap, has revealed in three different places large 
masses of the beds. These, though not actually in place, have 
slipped in such masses as to show very well the character and fossils 
of the deposits, and also to some extent their sequence. 

The first of these slips is at present + to be seen at the clift-foot 
about 200 yards from Speeton Beck. At this place the beds are 
much shattered, having probably slipped for some distance; but it is 
still easy to trace several distinct beds and to collect a fauna rather 
numerous individually, though not specifically. The beds consist of 
brown, grey, dull red, and brilliantly variegated marly clay and shale. 

A short distance further south there is another similar, though 
smaller, exposure; and beyond this, about 350 yards from Speeton 
Gap, the most extensive and important of the disclosures has heen 
made. At this place the beds may be traced for fully 20 yards 
along the cliff-foot, rising in one place a few feet above high-water 
mark, and though they are undoubtedly slipped, they are probably 
not so very far from their original position, as the base of the Red 
Chalk cannot here lie much above sea-level. The sequence of the 
beds is well preserved, and they are clearly in the order of their 
deposition. They rest on black clay in which fossils are very rare— 
the only recognizable fossil I have found being a fragment of Bel. sem- 
canaliculatus ?—and seem to do so naturally, and not by reason of the 
slipping ; but the state of the section prevents one speaking positively 
on this point. The section observed is shown in fig. 8. 

In this section the green and yellow gritty bed with nodules 
forms a very striking and distinct horizon, and might be thought to 
mark a break in the series. It exhibits many peculiar features, 
being full of nodules that look as though they might be derivatives, 
and frequently present a curiously pitted and partially decomposed 
surface, as if through erosion. These are often coated thickly with 
gritty green matter (probably glauconite ), and sometimes form a 
centre from which springs a mass of radiating crystals (selenite) 
which completely surrounds the nodule in a layer from an inch to 
three inches thick. But the variegated marly clays extend below 
this nodular bed, and do so regularly, without any appearance of 
erosion or unconformity; and though, as I have said, one could not 
say positively that there is an actual passage from them to the black 
clay with Bel. semicanaliculatus ? on which they rest, the evidence 
is all in favour of their doing so. Both beds contain similar small 
brown-coated ‘ potato-nodules,” and otherwise “ fraternize” in cha- 
racter, as one might say. 

Somewhat analogous is the evidence above this gritty and nodular 


* W. Hill, Quart. Journ. Geol. Soc. vol. xliv. p. 338, t January 1889. 
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band for a passage of the clays into the true Red Chalk. The 
crushed Red Chalk resting on the clayey beds in this exposure may 
not be in place, and, indeed, in this case probably is not; but the 
dull red band two feet below it might really be described as a 
clayey red chalk, and is evidently of the nature of a passage-bed. 
The presence above this chalky clay of at least two feet of the dark 
mottled shales with glauconite, which bear far more resemblance 
to the Neocomian clays than they do to the Red Chalk, shows un- 
mistakably that there were alternating conditions before the Red 
Chalk proper began to form. The state of preservation of the 
fossils, though perhaps not of much consequence, deserves mention 
as evidence in the same direction. In some of the layers the 
fossils are preserved in a semicrystalline condition, asin the Red 
Chalk ; while in others interstratified with them the shell-substance 
remains as a white opaque impression in the clays, as is usual in 
the Neocomian Clays below. 

In these marls there seems to be much extraneous gritty matter, 
and all are streaked and dappled with glauconite. In the dull 
red band small smooth pebbles (lydites) not larger than duck-shot 
have been observed *. 

The fauna of the Speeton marly beds is limited, but very inter- 
esting, and we may hope that future exposures will enable us to 
lengthen the list. During 1886 and 1887 I saw several small 
exposures of marly clays with green streaks among the rocks on 
the beach to the eastward of these slips, close under the chalk 
escarpment, and, though I had not then learned to recognize them, 
these were probably the same beds, in place, as those just de- 
scribed. The furthest eastward of these was at half-tide nearly 
opposite to Nanny Goat’s House; but as this exposure was in a 
waterpool it was difficult to examine. Fossiliferous Upper Neo- 
comian beds, with B. semicanaliculatus ?, Rostellaria Phallipsii, 
Cucullea securis, &c., have occasionally been poorly exposed within 
a short distance of these marly beds, striking in the same direction. 

The following species have been identified in my collection from 
the marls :— 


Belemnites minimus, List. Ostrea, sp. 
attenuatus, Sow. Avicula Rauliniana?, D’ Orb. 
ultimus, D’ Orb. Nucula pectinata?, Sow. 


Inoceramus concentricus, Park. Lingula, sp. 
sulcatus, var. ?, Park. Vermicularia elongata, Bean, MS.+ 
, sp. (a larger form). Fish (scales). 


This list, though limited, shows clearly the affinity of the beds to 
the Red Chalk, and those species, such as Bel. attenuatus, Inoceramus 
concentricus, &c., which are not found in the Red Chalk at Speeton 
are still forms well known in the Gault, which is agreed to be, in 
part at any rate, a synchronous formation. 

The possibility of a representative of the Gault other than the 


* Jn colour and some other characteristics, as also in stratigraphical position, 
these marls seem somewhat to resemble the “* Flammen-Mergel” of Germany. 
+ Figured in Rey. T. Wiltshire’s ‘Red Chalk,’ pl. iii. figs. 1, la. 
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Red Chalk existing at the top of the Speeton Clay has been once or 
_ twice suggested, but has been regarded as untenable. In these 
beds, however, we have probably a representative of the Lower 
Gault, while the Red Chalk itself may represent the Upper division 
of the Gault. 

With these beds I conclude my description of the Speeton Clay ; 
and if I have entered at great detail into the discussion of the 
various horizons, it is because I know by experience how difficult 
it would be for a student unacquainted with the locality, needing 
these details, to acquire them. 


SUMMARY. 


In these descriptions the points to which I would especially draw 
attention may be summed up as follows :— 

1. The sandy blue shales now seen in the cliff near Filey are 
not in place, but are “ bouldered” in drift; and most, if not all 
of them, are of Liassic age. 

2. The bituminous shales (Upper Kimeridge) extend upwards to 
the ‘‘Coprolite-bed ” without the intervention of the beds described 
as “ Portlandian.” 

3. There is no unconformity traceable at the horizon of the 
Coprolite-bed. 

4, It is in the “ Zone of Belemnites lateralis,” as defined in this 
paper (=the “ Astzericanus-zone of the Lower Neocomian ” of Judd), 
that we find the “ Portlandian beds” of Leckenby, this zone having 
marked Jurassic affinities. 

5. A very well-marked band of nodules with scattered coprolites 
caps the “‘ Zone of Bel. lateralis,” and this band constituted the 
“ Coprolite-bed ” of Leckenby, though not of Judd. 

6. The thickness of clay between the bituminous shales and the 
Red Chalk is probably really under 300 feet. 

7. The distribution which has been assigned to some of the cha- 
racteristic fossils of the clays needs revision and alteration ; among 
the species thus affected are :—Ammonites Astierianus, Amm. rotula, 
Amm. speetonensis, Amm. Gravesianus, Toxaster complanatus, Tro- 
chus pulcherrimus, Inoceramus venustulus, and others. 

8. The term “ Middle Neocomian,” as hitherto defined in the 
Speeton section, is unnecessary and misleading, since the beds which 
have received this name have a“ Lower Neocomian” fauna above as 
well as below them, and do not seem in themselves to contain any 
peculiar or distinctive types. 

9. As stated by Meyer, marly shales exist between the Red Chalk 
and the Speeton Clays, eonet suggestive of a passage from one to 
the other. 

10. The section may be very conveniently divided ‘into life-zones 
by its Belemnites. 


ConcLuUsIoNn. 


In working on my subject certain inferences have presented them- 
selves, which I append, as it may be that among them are sug- 
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gestions which may bear fruit. But as the direct object of my work 
has been to describe the facts of the Speeton section and not to 
make explanations of them, I have not sought to elaborate this part 
of my paper. 

My study of the Speeton series has led me to believe that in this 
area there has been an almost unbroken period of gradual deposition, 
proceeding at all times slowly, and occasionally all but ceasing, but 
nevertheless continuing from the Upper Jurassic stage not only 
throughout the Lower Cretaceous*, but possibly throughout the 
Upper Cretaceous also. 

To support the latter part of this view, the great unconformity 
below the Red Chalk in the inland sections along the western edge 
of the Wolds needs explanation. But I see no difficulty in supposing 
that during the deposition of the clays in the Speeton area there 
was a slow elevation going on in the sea-bottom at some distance 
to the westward and south-westward; and that this movement, 
without materially altering the condition of affairs at Speeton, 
resulted in the appearance in the south-west of a ridge of low land, 
which eventually divided the once continuous seas of East Yorkshire 
and Lincolnshire. 

Rapid denudation of this ridge, as its mudbanks of Kimeridge Clay 
emerged, may have furnished, among other material, the fragments 
of black phosphatic stone which occur at Speeton, lying, as I have 
shown, not only in particular bands, but also scattered, somewhat 
sparsely and irregularly, throughout the greater part of the clays. 
These fragments, many of which could scarcely have been carried by 
currents, may, | think, have been conveyed from the shore-line by 
the agency of some drifting body, such as the broad-fronded sea- 
weeds, which may have buoyed them up and dropped them on a 
quiet muddy bottom as it floated across. 

The elevation and denudation of this ridge may have commenced 
about the close of the Jurassic period; and it went on throughout 
the Lower Cretaceous, by which time the crest of the ridge had 
been planed down to the level of the Lower Lias. During all this 
time the Speeton area seems never once to have emerged, but the 
proximity of timbered land is shown by the abundance of wood 
preserved at various horizons in the clays. 

But at the close of the Lower Cretaceous the movement in the 
west seems to have been reversed; elevation ceased, and gave place 
to a gradual sinking of the whole area, during which, as the waves 
once more passed over the ridge, the conglomeratic bed at the base 
of the Red Chalk of the western Wolds was formed, and thus 
this rests upon the edges of the Jurassic strata on the anticline with 
a strongly marked unconformity, though, could we trace the horizon 
continuously to Speeton, I suspect we should find that in going 
eastward the unconformity would give place to overlap, and that 
we should finally run into the marly shales below the Red Chalk 
in the uninterrupted succession of the Speeton section. 


* Professor Phillips seems to have been of this opinion (Geol. of Yorksh. 
3rd ed. pt. i. (p. 100). 
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We can easily trace in the Red Chalk itself the effect of the 
deepening waters, at Speeton as elsewhere, as Hill’s* recent re- 
searches so admirably show, and in the same bed we find clear 
proof of the greater comparative depth of the sea at Speeton than 
further west. Gradually, however, as the land sank, the effect 
of this difference of level became less apparent, until a wide ocean 
without local conditions spread once more over the Eastern Counties, 
and deposited a winding-sheet of chalk indiscriminately over every- 
thing. 

Thus the Speeton clays seem to have been deposited not far from 
the western edge of an ocean which probably stretched eastward, as 
Judd fT has suggested, over the northern part of Central Europe. 

Could we see, then, a continuous section east and west across the 
Wolds, I should expect to find a westward thinning of the deposits 
as a whole, culminating probably in the complete disappearance, 
first of the upper beds, and finally of the lower beds also, for in 
approaching the elevated area such portions of the series as were 
deposited there before the elevation reached its maximum would 
afterwards be partially or wholly removed. The clays of Speeton 
might also be expected to give place to beds ot rougher material as 
they approached the western coast-line. 

It is much to be regretted that we can now obtain no direct 
information regarding the actual conditions in the western area, 
the inland pits mentioned by Judd having long been closed and 
overgrown. 

As proof of the extended period covered by the clays, and as 
favouring the view of a gradual passage into the Upper Cretaceous, 
it is important to note the occurrence, especially in the upper portion 
of the Speeton section, of several species known in the Gault, and 
these are nearly all species which are either confined to the Lower 
Gault or range through both divisions. 

Thus, if I read the Speeton section aright, we have, inthe lower 
portion, in the clays of the zone of Bel. lateralis, beds which mark 
the passage from Jurassic to Lower Cretaceous or Neocomian; and 
in the upper part, in the marls below the Red Chalk, a similar pas- 
sage into the Upper Cretaceous, and an unbroken sequence between. 
And if this be so, then these clays must necessarily bridge over the 
period of the formation of the Portlandian, Purbeck, and Wealden 
beds, as well as of the Lower Greensand, in the south of England. 
It is not, however, in these southern beds, where the marine history 
of the Jurassic period has been abruptly cut short, and the opening 
chapters of the Cretaceous replaced by a story of freshwater and 
estuarine conditions, that we ought to look for the equivalents and 
analogues of the Speeton beds ; but rather in those localities, whether 
at home or abroad, where that history has been given complete and 
ina similar manner. Nor, as it seems to me, should we be bound to 
adopt as the exact limits of a period the lines drawn where the 
conditions have been local and incomplete, but rather strive to define 
them more exactly in an area of better development. 

* Quart. Journ. Geol, Soe. vol. xliy. p. 320. t Jbid. vol. xxvi. p. 346. 

Q.J.G.8. No. 180. 2% 
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Many very interesting questions arise with regard to the correla- 
tion of the divisions as now proposed in the Speeton beds with the 
beds of similar age in Lincolnshire and abroad, but with these it is 
not for me to deal. 

In conclusion, I beg to render my hearty thanks to Messrs. G. 
Sharman and E. T. Newton, to Mr. T. Roberts, to Dr. James Carter, 
and to Mr. J. F. Walker, for their invaluable assistance in deter- 
mining the fossils, to Mr. C. Fox-Strangways for his advice and aid 
in many ways, and to Mr. W. B. Headley for the loan of specimens 
and for his freely-rendered help in collecting. 


Note, July 1, 1889.—Since this paper was read, I have received 
copies of two important contributions to the literature of the subject*, 
of which the authors are two eminent Russian geologists who visited 
Speeton last autumn during the excursion arranged for the Geological 
Congress. I had the pleasure of there meeting these gentlemen, 
Professor A. Pavlow, of the Moscow University, and M. Serge 
Nikitin, of the Geological Survey of Russia; and it is partly their 
expressed desire for further information regarding the section that 
has led me to publish the observations printed above. 

In these papers the Upper Jurassic and Lower Cretaceous beds of 
Russia and England are compared, and results of great importance 
are arrived at. 

Both authors agree that the Speeton section affords the best basis 
for this comparison, and find in it the equivalents of Russian beds 
which had hitherto been supposed to be unrepresented in Western 
Europe. 

They see in the ‘ Zone of Belemnites lateralis’ (which fossil is 
declared to be synonymous with Bel. corpulentus, Nikitin) the 
equivalent of the ‘ Upper Volga beds’ of Russia. They likewise 
show a remarkable parallelism in the higher portions of the section, 
recognizing in the varieties of our Ammonites speetonensis species 
well known in Russia (see Appendix, p. 613). 

M. Nikitin indicates that our ‘ Noricus-beds’ are also represented 
im the Simbirsk section, but herein Prof. Pavlow differs from him. 
The latter author believes that these beds are wanting in that sec- 
tion, and that the gap which they leave represents a break between 
the Jurassic and Cretaceous portions of the series ; thus he relegates 
the whole of the “ Volga beds” (and with them their equivalents in 
the Speeton section, including the Zateralis-zone) to the Jurassic. 
M. Nikitin, however, if I understand his meaning aright, would 
place the “ Volga beds” so as to correlate the upper portion with the 
Lower Cretaceous and the lower with the Upper Jurassic. 


* M. Serge Nikitin. ‘Quelques Excursions dans les Musées et dans les ter- 
rains Mésozoiques de l Europe cecidentale, et comparaison de leur faune avee 
celle de la Russie.’ Printed first in Russian at St. Petersburg towards the close 
of last year, but now fortunately rendered more generally available by a French 
translation printed in the ‘ Bulletin de la Société Belge de Géologie,’ tome iii. 
(April 1889), pp. 29-58. 

Prof. A. Pavlow. ‘ Etudes,’ &. Pt. I. “ Jurassique supérieur et Crétacé in- 
férieur de la Russie et de l’Angleterre.” Avec 3 planches. Moscou, 1889. 
(Printed in French.) 
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Professor Pavlow also gives a diagrammatic view of the equiva- 
lents of the ** Volga beds” in Lincolnshire and the South of England, 
correlating the Purbeck beds of Swindon and the Portland stone, 
and also the Spilsby Sands, with the “‘ Upper Volga beds,” and there- 
fore with the zone of Bel. lateralis at Speeton. M. Nikitin also sees 
in the Purbeck beds of Swindon the freshwater equivalents of part of 
the ‘‘ Upper Volga,” and therefore of the zone of Bel. lateralis. 

I need scarcely point out that this correlation of the Zuteralis-zone 
with the uppermost beds of the Jurassic of the South of England, 
made before it was known that this zone constituted the ‘ Port- 
landian beds’ of Leckenby, agrees well with the results indepen- 
dently arrived at in my paper. | 

Both authors agree in recognizing in the bituminous shales of 
Speeton (Upper Kimeridge) the equivalents of the ‘‘ Lower Volga beds” 
of Russia; and they seem to desire to apply the term ‘** Lower Port- 
landian” or ‘‘ Bolonian ” to these beds, and to beds of similar age 
elsewhere in England, thus considerably restricting the use of 
“« Kimeridgian ” in the Speeton section. 

The importance of these memoirs is apparent, and they are almost 
certain to lead to further discussion. 

The papers contain, besides, many paleontological observations of 
great value, in which the fossils from the two countries are com- 
pared. In a few instances I shall be able to call attention to the 
results of this part of their work in the Appendix to this paper. 


APE ENIX: 


Notes ON SOME OF THE FossIZs. 


The paleontology of the Speeton Clay is by no means in a satis- 
factory condition, as not only are there many important forms which 
have not yet been identified or described, but also of those which 
have been named we have frequently only figures of doubtful merit 
without accompanying descriptions. 

In this paper I have not attempted to compile a full list of the 
known species of the deposit, but have given only those which have 
been identified from my own collection. My lists, therefore, should 
be taken as illustrations of the fauna rather than as full catalogues. 
A much fuller list is contained in Professor Judd’s paper; and 
several other species not mentioned therein may be found in the 
tables of fossils in Phillips’s ‘ Geology of Yorkshire,’ 3rd ed. When 
the task of thoroughly working up the fauna shall have been under- 
taken by a paleontologist conversant with the foreign equivalents 
of the deposit, a rich harvest of new forms and of forms new to this 
island will almost certainly be gathered. 

The.folowing notes on the range and affinities of some of the 
commoner species may be found useful as a guide in collecting, or 


for comparison with other localities. 
© 
2Y 2 
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BeLEmyites Owent, Pratt, and varieties. 


The specimens of Belemnites, few in number, found in the shales 
(F') below the “ Coprolite-bed ” have all been referred to this species, 
but they represent an extreme range of variation. One specimen 
only approaches the normal form of the species, while the majority 
belong to a long and slender variety, often deeply channelled 
throughout a great part of its length, which, were it thought advis- 
able to break up the species, might be considered a separate form. 
This variety comes near to Bel. spicularis, Phillips, from the Kime- 
ridge Clay of Cromarty, as figured in ‘ Brit. Bel,’ pl. xxxvii. f. 82 
(1870, p. 122). Phillips, in his ‘Geology of Yorkshire,’ 3rd ed. 
(pl. xxv. f. 9) has also figured an imperfect specimen of this variety 
under the name of Bel. Juddii; he gives no description, but in a 
short note refers to it as ‘‘a long Belemnite from Speeton in the pos- 
session of Mr. Lee... . It agrees nearly with a species found in the 
Kimmeridge Clay near Oxford.” If, therefore, it should hereafter be 
thought necessary to grant this form specific recognition, Phillips’s 
name should have preference. Professor A. Pavlow, who has exa- 
mined my collection, seems to recognize among these forms the Bel. 


magnificus, D’Orb., a near ally of Bel. absolutus, Fisch.* 


BELEMNITES LATERALIS, Phil. 


This abundant species shows a considerable range of variability. 
The commonest form is short and very stout, but another variety 
attains a greater length in proportion to its breadth. The shortness 
of the former variety is often accentuated by the decayed and deeply 
eroded condition of many of the guards, which tends to reduce the 
length considerably 7. I have not noticed any difference in the dis- 
tribution of these varieties. 

Reference has already been made to the doubtful form in the 
Coprolite- bed, which may possibly be only a variety of this species ; 
and also to the species resembling Bel. lateralis which occurs in the 
zone of Bel. semicanaliculatus ?. 

This latter form Phillips seems to have included with B. lateralis, 
and may, I think, have figured it in the inner outline of that species 
(in ‘Geol. of Yorks.’ 3rd ed. pl. xxv. f. 8). Respecting it he notes 
(p. 334) that it ‘corresponds to what has been called B. semisul- 
catus etc. of Brongniart.” But the difference between the adults of 
the species in the upper zone, which are never large, and the massive 
guards of Bel. lateralis is very striking in every way; and even 
when specimens of the same size are compared, it is easy to see 
the distinction at once, for while Bel. lateralis shows a gradual 
thickening from apex to base, the former species attains its greatest 
thickness about halfway down the guard and shows a well-marked 
constriction towards the phragmocone. I think these two forms, 


* A. Pavlow, ‘ Etudes,’ &c. (sup. cit.) p. 42. 

+ M. Nikitin recognizes in these varieties (1) Belemnites corpulentus, Nik., and 
(2) Bel. russiensis, VOrb., which occur in the “ Upper Volga beds” of Russia. 
(Quelques Excursions, &e. p. 40.) 
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separated as they are by more than 120 feet of clay in which neither 
occurs, are undoubtedly specifically distinct. 

IT have not found any Belemnite within the range of Bel. lateralis 
which could not be referred to that species ; nor have I found any 
undoubted specimen of the species above the Compound Nodular 
Band. 


BELEMNITES JAcuLUM, Phil. 


This very well-marked ‘ hastate” form, which occurs in great 
profusion at Speeton, though it varies in shape between the slender 
graceful outline of Bel. subfusiformis, Raspail, and the extremely 
obtuse form of Bel. pistilliformis, Blainville, maintains throughout 
its zone its easily recognizable specific characters. 

The variety pistidliformis is most abundant towards the base of the 
Speetonensis-beds, and does not seem to range much higher. The 
slender form, on the otber hand, ranges throughout the zone. Spe- 
cimens in which the phragmocone is preserved are rare. 

This species does not die out in the abrupt manner of Bel. lateralis, 
but lingers on in a few dwarfed specimens into beds some distance 
above the limits assigned to it in my section. There is also (as 
mentioned at p. 600) a form present in the zone of Bel. semicanalicu- 
latus? which has been supposed to be an extreme variety of this 
species; but it is so very distinct from the normal type that I think 
it deserves to rank as a separate species, especially as it does not 
occur along with the true form. 

One variety of the species is recognized by the Russian geologists 
as corresponding to their Neocomian form Belemnites Jasikowi, 
Lahus *. 


BrLEMNITES SEMICANALICULATUS ? 


I have already mentioned in an earlier page the numerous 
forms of the genus which occur in the upper part of the Speeton 
section, and the difficulties connected with them. They have not 
yet been worked up, and when this is done I think that at least 
three types, and probably more, will be recognized, either as species 
or as very distinct varieties. By far the commonest form is the one 
which was first doubtfully assigned by Judd to Bel. senvicanaliculatus 
(non Blainville) +, and afterwards to Bel. brunsvicensis, Strom- 
beck ¢. I have felt the inconvenience of denoting a zonal division 
by the name of a doubtful species, but cannot see how to avoid 
doing so, as I have not been able to find any other plentiful fossil 
characteristic of the whole division. I have therefore applied the 
term provisionally. In the lower part of the zone this species is 
represented by a rather long and slender variety which generally 
shows a highly polished surface; but towards the top of the division 
this is replaced by a shorter and proportionately thicker form. 
Neither variety is grooved; but a deeply grooved species is occa- 

* A. Pavlow, sup. cit. p. 41, and pl. ili; and S. Nikitin, sup. cit. p. 42. 

t Op. cit. p. 245. 

{ In a note to a paper by T. Davidson in Geol. Mag. vol. vi. p. 263. 
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sionally found in the same zone which closely resembles the species 
known in the Oolites as Bel. sulcatus, and a solitary example of the 
same form has been noted in the zone of Bel. jaculum (see p. 592). 


BeELEMNITES MINIMUS, List.; B. AarrENvAtTUS, Sow. 


T have not found these Belemnites lower in the section than the 
marls immediately below the Red Chalk. As Phillips includes them 
in his list of Speeton-Clay fossiis, and as specimens occur in most of 
the old collections, it would appear that the uppermost “‘ passage- 
beds” in which these occur have long been known, though the 
distinction between them and the underlying clays has not always 
been recognized. 


AMMONITES. 


Individually this genus is not nearly so abundantly represented 
in the Speeton Clay as Belemnitcs, though the number of species is 
much greater. ‘They become rarer as we ascend in the section, and 
are very scarce in the zone of Bel. semicanaliculatus ? 


Ammonites Gravesranus, D’Orb.; A. Irtus, D’Orb. 


This species or group of species (Am. quadrifidus, Bean, MS., and 
Ain. cavaticus, Bean, MS., of the old collectors) occurs only, so far 
as I know, in the zone of Bel. lateralis. They are considered as 
Portlandian forms, but it has been stated in a recent paper that 
their determination is uncertain. M. Serge Nikitin, the author of 
the paper in question, has very kindly furnished me with the follow- 
ing translation of the passage in his work (‘ Quelques Excursions 
en Europe occidentale,’ par 8. Nikitin: St. Petersburg, 1889 ; pub- 
lished in Russian) in which he refers to them :—‘“ En étudiant les 
musées de York et de Scarborough je n’ai pas réussi d’y voir les 
Ammonites citées par Judd; au contraire, tout ce qui est décrit et 
déterminé dans ces musées sous les noms d’ Ammonites Gravesianus, 
Amm. gigas, et en partie Amm. triplicatus sont les formes épaisses 
d’Olcostephani du groupe Bidichotoni décrits par MM. Neumayr et 
Uhlig (‘ Paleeontographica, xxvii.) des dépdts néocomiens du Hils 
allemand, comme par ex. Ole. Keyserlingi, marginatus, multiplicatus, 
etc. Je suppose que ces formes tirent leur origine, comme nous le 
verrons ensuite, d’un des horizons supérieurs de V’argile de Speeton, 
mais pas de dessous de la couche a Coprolithes ” *. 

Since, however, I have now shown that these forms occur in that 
portion of the Speeton section which the Russian geologists coneur 
in synchronizing with their ‘‘ Upper Volga beds,” we may take it 
that their age is satisfactorily established. 

By far the finest collection of these Ammonites extant is that 
made by Leckenby, now in the Woodwardian Museum at Cambridge. 


* Since my paper was read the full text of M. Nikitin’s valuable paper has” 
become available through the French translation, to which reference has already 
been given. The above passage will be found at p. 39 of that work. 
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AMMONITES NorRIcus, Schloth., =A. NEocomiensis, D’Orb. 


This is decidedly the most abundant of the Speeton Ammonites, 
but appears to be strictly confined within the limits of its zone 
(beds C'S to DZ of sections). It shows several distinct varieties, 
which received specific recognition from the early collectors, and 
probably also from many foreign paleontologists; but, as noted by 
Judd, a moderate collection will show that these pass insensibly into 
one another. Leckenby records an allied form, A. evalidus, Bean, 
from beds low down in the bituminous shales (Upper Kimeridge) 
(see diagram fig. 2), which Judd states (Q. J. G. S. xxiv. p. 246) to 
be Amm. consobrinus, D’Orb.; but in a later paper, referring to 
the same species as found ai Knapton, Judd places it under Amm. 
fuscicularis, D’Orb., a different shell (Q. J. G. 8. vol. xxvi. p. 328), 
thus illustrating the uncertainty which surrounds these species. 

There is, however, one very distinct, though allied species, possibly 
the Amm. hystrix, Phil., in which the costz develop tubercles aud 
spines ; but it is a shell of rare occurrence. 


AMMONITES SPERTONENSIS, Young and Bird; var. concinnvs, Phil., 
and var. vENustus, Phil. 


The variability of this species is so great that it is difficult to 
mark out its limits. On the one hand, the coarse-ribbed variety 
(coneinnus, Phil.) approaches so closely to the Upper Jurassic species’ 
Amm. biplex, Sow., that it has sometimes been wrongly identified as. 
belonging to that species: and, on the other hand, the fine-lined 
form (venustus, Phil.) merges almost insensibly, especially in young 
specimens, into dmm, Astierianus, D’Orb.; and between these two 
extremes there is every gradation. The shell is not abundant except 
in the “ main Speetonensis-bed” (C6), but it undoubtedly occurs in 
the “ Echinospatangus-bed” (C 3), and probably ranges quite to 
the top of the zone of Bel. yaculum. I know of no really satisfactory 
figures of this species or of its varieties *; it is a form which stands 
in great need of elucidation. 


Ammonites Astientanus, D’Orb. 


Touching Amm. speetonenis, var. venustus, on the one hand, this 
species on the other approaches closely to Amm. marginatus, Phil., 
the line of demarcation between the three in a large collection being 
difficult to draw, although the extreme forms are very distinct. 

The species is not very easy to localize in the section, as it is no- 
where plentiful. It certainly oceurs in the “ Noricus-beds,” but 
not, I think, lower; and ranges upwards as high as the * Echino- 
spatangus-bed,” though I have not yet detected it at some of the 
intermediate horizons. Its distribution may, perhaps, be said to 
coincide roughly with that of Bel. jaculum. I have not found any 
undoubted specimens of it within the zone of Bel. lateralis, the 
nearest approach to it being the small fine-lined Ammonite which 

* Written before the appearance of Prof. Pavlow’s paper, in which young 


specimens of this species are figured. He recognizes in them Olcostephanus 
fasciatofalcatus, Lah., and Ole. subinversus, Pavl. 
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occurs plentifully in the “ Astarte-beds” of that zone; but these 
have been identified by Professor Pavlow as probably Olcostephanus 
subditus, Traut., a shell well known in the ‘‘ Upper Volga ” of Russia. 


AMMONITES MARGINATUS, Phil. 


In the extreme forms of this small species the tubercles around 
the umbilicus develop into short spines, and it is then very distinct 
from any of its allies; but, as noted above, the less pronounced 
varieties can scarcely be distinguished from the young of certain 
varieties of Amm. Astierianus. It seems to be confined to the upper 
part of the zone of Bel. jaculum, occurring most frequently in the 
lower part of the Echinospatangus-bed, though nowhere abundant. 


AMMONITES NucLEUs, Phil. 


This small and obscure species is rather abundant in the upper 
part of the zone of Bel. jaculum, and I have found specimens which 
may belong to it as high as the ‘‘ Cement-beds.” Judd has pointed 
out the relationship of this species to Amm. marginatus; and there 
is another undescribed form or variety in the same beds which also 
comes within the group. 

If, as I think, the area has undergone very few physical changes 
during a long period, we may expect to find many slowly-changing 
species with limits difficult to define. 


AMMONITES ROTULA, Sow.* 


This is a well-marked species, very distinct from any of those 
above-named, and apparently with no allies in the clays. It is 
nowhere plentiful; I have a single small specimen from the Com- 
pound Nodular Band (D7) and others from the Noricus-beds (C8 
and 9), but it is in the “main Speetonensis-bed” (C6) that it is 
easiest to find. I have not traced it higher. 


Ammonites Nisus, D’Orb. (Judd); Am. pranus, Mant. (Phillips). 


This shell occurs about midway in the zone of Bel. jaculum, but 
it is very rare. D’Orbigny’s figure and description of Amm. Nisus 
indicate a smooth shell, but the Speeton specimens are marked with 
faint strie. 


CRIOCERAS or ANCYLOCERAS. 


This group is very well represented at Speeton, but it is not often 
that the specimens are well preserved. Several very distinct species 
occur, five being named in Judd’s list, besides three or four others 
recognized as distinct, but not identified. 

That author seems to consider that the whole probably belong to 
the genus Ancyloceras. I have unfortunately not yet learned to 
distinguish these species well, and can give but little information as 
to their distribution. The lowest level to which I have traced the 
genus is the Compound Nodular Band, where very large specimens 


* Recognized by Prof. A. Pavlow as probably = Olcostephanus kaschpuricus, 
Traut 
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become suddenly plentiful ; and from this horizon the genus ranges 
upwards, varying from time to time in form and abundance, to the 
upper part of the zone of Bel. semicanaliculatus? The species in 
the higher part of the clay, above the ‘‘ Cement-beds,” are certainly 
different from those at lower horizons. A form which I think is 
Crioceras Puzosianum, D’Orb., is particularly abundant between the 
Noricus- and Speetonensis-beds. 


TrRocHvus PULCHERRIMUS, Phil., and Crerrrmtum acuLEatum, Forbes, 
MS. 

These delicate and beautiful shells abound in the upper Noricus- 
beds, and pass upwards into the “ main Seetonensis-bed,”’ and the 
first-mentioned persists in a dwarfed variety as high as the Hchino- 
spatangus-bed, but I have not found them elsewhere in the 
section. 


EX0GYRA SINUATA, Sow. 


This is one of the commonest fossils of the Speeton Clay; but 
though a strong shell it is generally much crushed, and is difficult 
to obtain even in fair condition. Judd notes several distinct sub- 
species or varieties occurring at different horizons. I have found 
the shell as low as the “* Lingula-bed” of the zone of Bel. lateralis 
(D5), and upwards as high as the clays just below the “ Cement- 
beds.” 


PrcTEN LENS, Sow., var. Morini, De Lor. 


The shell referred to this species occurs in the * Astarte-bed ” of 
the Lateralis-zone, and is plentiful in the neighbourhood of the 
Compound Nodular Band, and particularly in a shelly layer about a 
foot above that stratum. It is said not to be separable from the 
Jurassic species. 


AVICULA INZQUIVALVIS, Sow. 


Another Jurassic species of wide range, to which has been re- 
ferred a shell which occurs rather abundantly in the Compound 
Nodular Band, and in the clay just above and below that stratum, 
and possibly also higher. Its resemblance to the original figure of 
Sowerby is not so great as to the figure given in Goldfuss (Petrefact. 
pl. 118. fig. 1), with which it agrees very closely. In the different 
public collections of Speeton-Clay fossils this shell has received various 
names, as A. macroptera, Rom., A. multicostata (Leckenby), &c. 
The wide range in time of this species makes its reappearance in 
these beds less remarkable. 


InocERAMUS VENUSTULUS, Bean, MS., and I. impricatus, Bean, MS. 


These shells occur plentifully in the upper part of the zone of 
Amm. noricus, and are, I believe, confined to this part of the section. 
I am inclined to think that there is only one species—the coarsely- 
striated J, imbricatus being the adult form, and the smooth polished 
I. venustulus the young form of the same species. 
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ASTARTE SENECTA, Bean, MS. 


This Astarte seems to have been identified with A. latzcosta, 
Deshayes, but it is very doubtful if this determination is correct. 
It is confined at Speeton to a certain part of the zone of Bel. late- 
ras; and, though common there, being incrusted in rapidly decom- 
posing pyrites, it is difficult to obtain serviceable specimens. The 
same species occurs in the Lincolnshire area. The name is some- 
times misprinted Astarte sinuata. 


IsocaARDIA ANGULATA, Phil. 


This small shell, which is very abundant at Speeton, has a wide 
range, occurring in all except the lowest beds of the zone of Bel. 
jaculum and ranging upwards throughout the greater part of the 
zone of Bel. semicanaliculatus ? 


ECHINOSPATANGUS CORDIFORMIS, Breyn.=ToxXAstER COMPLANATUS, Ag. 
(Judd) =Sparaneus aARGILLAcEUS, Phil. 


I have already recorded the horizons at which I have found this 
fossil. The condition of its preservation—coated and sometimes 
quite concealed by pyrites, in beds in which small concretions of 
pyrites abound—makes it very difficult to detect, and further re- 
searches may extend its range. I believe the position now assigned 
to it at Speeton will bring that section into closer accordance with 
the Neocomian beds of France and Switzerland. 


PENTACRINUS (ANNULATUS, Romer). 


This Crinoid occurs plentifully in the Compound Nodular Band, in 
detached fragments, and also in the Noricus-beds, but I have not 
yet found it higher in the section. 


TRocHocYyATHuUS conutus, Phil. 


The small coral which has been with some doubt referred to this 
Gault species occurs throughout the Voricus-beds, where, however, 
it israre. J have not seen it in any other part of the section. 


FoRAMINIFERA are very plentiful in many of the beds (especially 
in D1, C8, C6, C3, and in parts of B), but I am not aware that 
any work has yet been done on them. 


CRUSTACEA. 


I am indebted to Dr. James Carter for the following notes on the 
specimens from my collection submitted to him, 


‘© MEYERIA ORNATA, Phil. 


“ Of this characteristic and beautiful species I can give but little 
additional information. It is desirable to ascertain the conforma- 
tion of the chele of the first pair of limbs—whether they are mono- 
or didactylous. 
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‘© Meyerta FALCIFERA, Phil. MS. 


“Syn. Astacodes falcifer, Bell. 

‘This species has given me much difficulty. Your specimens, as 
also those in the York Museum, offer characters which agree with 
those of Meyeria so precisely that I propose to retain the generic 
name given by Phillips. Bell has assigned to it (Pal. Soc. Mem.) 
an abdomen which does not belong to it, but to a totally distinct 
Gmistacean........ his description needs very considerable recon- 
struction and correction. 


‘“* HopLoPARIA PRISMATICA, M°Coy. 


‘“‘T have compared your example with M°Coy’s type specimens in 
the Woodwardian Museum, which are very good ones and are from 
Speeton. ‘This species varies a good deal both in size and in degree 
of development of several of the characters. 


‘s PALINURIDIA SCARBURGENSIS, Carter, MS. 


*‘The specimen which I named a year or so ago is in the Scar- 
borough Museum, and a fragment of the same species is in the York 
Museum. I hope shortly to describe and figure it, but may have 
occasion to alter the name, as I have an idea that the name of the 
genus is already employed.” 


Discussion. 


Prof. Jupp congratulated Mr. Lamplugh upon the important work 
he had accomplished. During his own frequent journeys to the 
coast he had seldom found the beds exposed on the shore, whilst 
the Author, by visiting the section mm winter, had been able to 
make some interesting discoveries. He himself had mainly worked 
the cliff, Mr. Lamplugh the shore. He had adopted Ammonites, 
Mr. Lamplugh Belemnites, as the basis of classification ; nor had he 
acted at hazard in rejecting the latter, since in studying the Neo- 
comian elsewhere he had found correlation by means of Ammonites 
more satisfactory. He especially congratulated the Author on the 
light he had thrown upon the top and bottom of the section ; at 
the top of the bottom section neither Mr. Leckenby nor he had 
any suspicion that there was any second coprolite-bed. As regards 
the top of the section the presence of Lower-Gault fossils was very 
interesting. 

Mr, Srrawaw stated his belief that the existence of a partial 
barrier between the Lincolnshire and Yorkshire areas is indicated 
long before the Kimeridge-Clay period. For nearly all the Secondary 
rocks, up to the Chalk, tended to thin away in the ground separating 
the two areas. It was interesting to find a passage up from the 
Neocomian strata into the Red Chalk in Yorkshire as well as in 
Lincolnshire. 

Prof. Brake alluded to the confusion in the Speeton Clay. He 
considered the coprolite-bed of importance as containing remanié 
Portlandian fossils, It was difficult to believe there was no un- 
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conformity here; at least there was a paleontological unconformity, 
if not a stratigraphical one. 

Mr. Hvprestoy also alluded to the terrible confusion in Filey 
Bay, and to the difficulty of obtaining more than a glimpse of the 
rich fossil beds of the Speeton Clay. The section was remarkable 
in the apparent sequence from Upper Jurassic through Lower Cre- 
taceous into Upper Cretaceous; but he thought there existed un- 
conformities in time, as indicated by change of fauna, which were 
sometimes more important than those which made a greater im- 
pression on the eye. Such were frequently marked by nodule-beds, 
as was the case at the top and bottom of the Author’s Lateralis-zone. 
Underlying the lowest of these nodule-beds the clays were un- 
doubtedly Kimeridgian, whilst above it was an almost total change 
of fauna. He did not believe in the existence of true Portlandian 
beds in Yorkshire. These were really limited in extent, but there 
was a large part of the equivalents of our Kimeridge Clay which were 
called Portlandian by continental geologists. Much of this was below 
the Upper Kimeridge. Hence the Lateralis-zone could not be on 
that horizon. What, then, is this zone with the so-called Amm. Grave- 
sianus and Amm. gigas in its uppermost portion? There was nothing 
like it in this country that he knew of, and it appeared that we must 
go to Russia for the analogues. The top of Mr. Lamplugh’s section 
was equally interesting, as indicating, amongst other things, the 
probability of the Red Chalk of Speeton being only of Upper- 
Gault age. The paper was another instance of the value of close 
observations conducted over a long period of time. 

Mr. Herries could confirm Mr. Lamplugh’s account of the so- 
called “‘ Middle Kimeridge” beds. He failed to understand why 
the Middle Neocomian should be abolished. He alluded to some 
beds on the shore, which by their fossils seemed to indicate a passage 
from the Upper Kimeridge to the Bel. lateralis-beds. 

The AvrHor, in reply, spoke of the advantage of using Belemnites 
for his main divisions, as the types in this case were so distinct, and 
120 feet of beds were characterized by the easily recognizable 
B. jaculum. He thought the beds were more easily identified in 
this way, though the range of Ammonites (which often overlapped 
each other) had been traced as far as ne was able. With the Belem- 
nites also came in the principal changes in thefauna. There was 
a change of fauna several times in the section, and sometimes 
without nodular bands. The Kimeridge beds in Lincolnshire were 
similar, the Neocomian dissimilar. Besides the supposed remanié 
Portlandian forms in the lower coprolite- bed, there was a passage 
upwards of certain Jurassic fossils, such as Avicula inequivalvis and 
Pecten lens. The Speeton “ Portlandiaus” are believed to represent 
the “ Upper Volga beds” of the Russians. With respect to the Gault 
forms, the gradual change is a good evidence in support of passage. 
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37. Descriptions of some New Sprrcitrs of Carpontrerous Gas- 
TEROPODA. By Miss Donaxp, of Stanwix. (Read June 19, 
1389.) 


(Communicated by J. G. Gooncnitp, Esq., F.G.S., of the Geological Survey.) 
[Puate XX.] 


Wire one exception the Gasteropoda described in this paper have 
been collected by Mr. John Young, Hunterian Museum, Glasgow. 
The specimens are all very minute and are well preserved, their 
creamy colour giving them the appearance of shells of a much more 
recent date than the Carboniferous period. With the best of ma- 
terials, however, the affinities of the Paleozoic Gasteropoda are 
always more or less difficult to determine. In this instance 
though the sculpture of the surface is wonderfully well preserved, 
none of the apertures are entire, and the minute size of the shells 
renders it difficult in many instances to discern the lines of growth. 

Out of the five Scottish shells three are undoubtedly Murchisonie, 
one in particular having the band indicating the sinus in the outer 
lip very clearly defined. 

With regard to the other two shells, [know of no genus to which 
they may be referred, unless it be Orthonema, Meek and Worthen*, 
The more elongated shell bears some resemblance to species of the 
genus Aclisina, de Koninck t, from which it differs, however, in 
the form of the mouth and the flattened, closely coiled whorls. 

Before proceeding to discuss the general characteristics of the 
shells, it may be well to give the original description of the genus 
Orthonema :— 

‘‘ Shell elongate, many-whorled ; volutions ornamented with re- 
volving caring crossed by nearly straight lines of growth; body- 
whorl short, not produced below ; aperture angular above, slightly 
effuse below; peristome incomplete ; lip simple, nearly straight ; 
axis imperforate. The shell upon which we propose to found this 
genus has much the appearance of a Murchisonia, but differs in 
being entirely destitute of a spiral band or a sinus in the lip, as 
in that genus and Plewrotomaria, the lines of growth being distinctly 
seen crossing the caring and the spaces between, without making 
the slightest curve.’ 

In the form of the spire and in ornamentation both the shells agree 
with the above description, the lines of growth also come straight 
down over the keels. With regard to the mouth, it 1s angular 
above and slightly effuse below, the peristome is incomplete: the 
pular-lip, however, seems somewhat more developed than is repre- 


* Proc. Acad. Nat. Sci. Phil. 1861, p. 146. 
7 Faune du Cale. Carb. de la Belgique, 1881, vol. vi. pt. 3, p. 86. 
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sented in the figure of the type species Orthonema Salieri *. Great 
stress cannot be laid on this difference, as the mouth is not well 
drawn, and it may not have been sufficiently well preserved to admit 
of more careful delineation. 

Both the Scottish shells are very minute, but they do not differ 
more in size from the type than do some species of Murchisonia 
from one another, and they are about the same size as Orthonema 
subteniatum, Geinitz T, one of the smallest species I have seen de- 
scribed. Some of the Spanish species also seem to be very small, 
for Barrois { says that the specimens he has collected of Orthonema 
Choffati vary in length from 2 millim. to 20 millim., while the 
length of C. Delgado ranges from 3 centim. to 8 or 9 milli, 


ORTHONEMA PYGMEUM, sp.nov. (PI. XX. figs. 1, 2.) 


Shell very minute, turreted, composed of from seven to nine an- 
gular whorls, Each whorl is ornamented with four keels, and on 
the body-whorl there is an additional fine keel below. The second 
keel from the top is generally the strongest, but sometimes that 
next below is equally strong, the uppermost and the lowest are the 
slightest. The mouth is a little longer than wide, and slightly effuse 
below ; the pillar-lip is thickened and arched forwards. There is no 
evidence of a sinus in the outer lip; the lines of growth come di- 
rectly down the whorls, merely being deflected by the keels. The 
base is rounded. 

Length from 2 to 24 millim.; width of the body-whorl about 1 
millim. 

This shell bears a strong resemblance to Orthonema subteniatum, 
Geinitz §$, but differs from it in possessing stronger keels, which divide 
the whorls into unequal spaces; and also the whorls are not so 
rounded as in that species. 

Locality. Glencart, Dalry, Ayrshire. 

Formation. Upper Limestone series, which renvenente the middle 
beds of the Yoredale rocks. 


? OnTHONEMA YOUNGIANUM, sp. nov. (PI. XX. figs. 3, 4.) 


Shell small, very elongated, conical, composed of from eleven to 
fourteen whorls. The whorls are closely set, and the outline of the 
spire is somewhat convex. Each whorl is ornamented with three 
or four keels, generally with four, the spaces between them vary in 
width ; in some specimens the two middle keels are the strongest, in 
others only the lower of the two. The mouth is rounded and slightly 
effuse below, the lip is turned back on the pillar, which is arched 
forward. The base is somewhat flattened and smooth. The lines 

* Geol. Surv. Illinois, 1866, vol. ii. pl. xxxi. fig. 14. 

t Dr, H. B. Geinitz, 1866. Carbonformation und Dyas in Nebraska, p. 12, 


Pe i. fig. 18. 
+ Recherches sur les Terrains Anciens des Asturies et de la Galice, 1883, 
pp. 352-354, pl. xvii. figs. 21, 23. 
§ Murchisonia subteniata, H. B. Geinitz, 1866, Carbonfermation und Dyas 
in Nebraska, p. 12, pl. i. fig. 18. Orthonema subteniata, Hayden, Final Report 
on Nebraska (1871), p. 228. 
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of growth are not very distinct except on the base; they appear to 
.¢ome straight down the whorls, being merely deflected by the 
keels. 

Length of small specimen of twelve whorls 4 millim., width of 
body-whorl 14 millim. A larger specimen has only four whorls 
preserved, it is 3 millim. in length, and the body-whorl is 14 millim. 
in width. 

This shell bears some resemblance to species of Murchisonia, but 
the absence of a sinus in the outer lip excludes it trom that genus ; 
from species of Aclisina it may be distinguished by the form of the 
mouth and the flattened, closely set, whorls. I feel somewhat 
doubtful about referring it to the genus Orthonema, as it is more 
elongated and the whorls are less angular than in any species of that 
genus I have seen figured ; I, however, know of no other genus to 
species of which it bears a closer resemblance, and it may therefore 
be well to place it with Orthonema for the present. 

Locality. Glencart, Dalry. 

Formation. Upper Limestone series. 


It is, 1 think, unnecessary to repeat a description of the genus 
Murchisona here, as it was pretty fully given in a previous paper *, 
in which also I mentioned that J. W. Salter had separtated from the 
typical Murchisonia a group of shells distinguished by certain 
characteristics under the name Hormotoma t, and that Whitfield had 
formed a distinct genus of others under the name of Lophospira t. 
Since then D. P. Gthlert has grouped some species of Murchisonia 
in two more sections, called Goniostropha and Celocaulus §. 

To the former of these alone I need refer in this paper. 

In the section G'oniostropha Cihlert collects all those species which 
are turriculated, elongated, having angular whorls of which the 
sinual band, nearly always limited by two prominent keels, occupies 
the summit; sometimes there are additional spiral keels. He says 
that the spire has no umbilicus, and at the same time he refers to 
this section Murchisona kendalensis, M*Coy, which has an umbi- 
licus. Much weight, however, cannot be attached to the presence 
or absence of an umbilicus, as it is known to exist in some members 
and not in others of the same species. 

Of the species I-am about to describe, one, JM. subtelistriata, may 
undoubtedly be referred to this section; and another, J/. turriculuta, 
De Kon., may at any rate be placed here provisionally, as it agrees 
in general characteristics, with the exception of the sinus being most 
probably situated immediately below the angle. With regard to the 
remaining species M. compacta, its characteristics are such as to en- 
title it to a place in a separate section. 


* “Notes upon some Carboniferous Species of Murchisonia in our Public 
Museums,” Quart. Journ. Geol. Soc. Nov. 1857, p. 620. 

+ Geol. Surv. Canada, dec. i. p. 18. 

+ Bull. Amer. Mus. Nat. Hist. vol. i. no. 8. 1886, p. 311. 

§ Bull. de la Soc. d’Etudes Scientifiques d’ Angers, 1887, pp. 18, 20. 
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Section GoytostropHa, (Ehlert, 1888. 


Murcuison3a (GontosrRoPHA) TURRICULATA, De Kon. (Pl. XX." 
fig. 5.) 
Murchisonia turriculata, De Koninck, 1883, ‘ Faune du Caleaire 
Carb, de la, Belgique;sp: 19, plaxxsaiya thes, daly L913; 


Murchisonia angulata, var., De Koninck, 1843, ‘ Descr. des Anim. 
Foss. du Terr. Carb. de la Belgique,’ p. 412, pl. xl. fig. 8. 


A fragment of a shell, consisting of four whorls, seems to agree in 
all essential particulars with one described and figured by De Koninck 
as Murchisonia turriculata. If entire it would be elongated and com- 
posed of numerous angular whorls. The specimens described by De 
Koninck have from sixteen to eighteen whorls. There is a prominent 
keel about the centre of each whorl, and below it there are two finer 
keels placed at about equal distances from it and from each other; on 
the lowest whorl preserved there is evidence of a still finer keel appear- 
ing above the suture. De Koninck does not mention the presence 
of this lower keel on his specimens, but there are more numerous 
keels on the shell previously described by him as Murchisonia 
angulata, var., which has since been identified by him with JJ. 
turmiculata. And in other instances the number of keels on differ- 
ent individuals of the same species is observed to vary. The presence 
or absence of a keel cannot therefore be considered of much import- 
ance when shells agree in other particulars. On the upper part 
of the whorl there is a much finer keel, placed somewhat nearer to 
the suture than to the central keel. De Koninck says this keel is 
in the middle of the upper part of the whorl in the specimen figured 
by him ; it, however, seems to vary in position on different individuals 
in the Brussels Museum, being higher on some and lower on others. 
The surface of the whorls is almost flat both above and below the 
principal keel. The lines of growth are indistinct, so that no 
evidence of the position of the sinus can be obtained from this 
specimen. De Koninck Says it is situated between the strongest 
keel and that next below. The mouth is not preserved. De 
Koninck describes that of the Belgian specimens as round. My 
specimen is crushed, so the spiral angle cannot be accurately 
ascertained. 

I believe this is the first record of this species being found in 
Britain. 

Length of fragment of four whorls 103 millim., width of lower 
whorl one way 64 millim.; in the opposite direction 4 millim. 

Locality. Abbey Foss, Askrigg, Yorkshire. 

Formation. Shales at the base of the Yoredale rocks. 


Murcutson1a (GonrIosTROPHA) TURRICULATA, var. scoTica. (PI. XX. 
fig. 6.) 

A fragment of a shell of which about six gradually increasing whorls 
are preserved seems to agree with that last described except in its 
much smaller size. This difference in size is so great as quite to 
constitate a variety, if not a distinct species. The position and 
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number of the keels is the same, with the exception of the strongest 
keel being situated a little higher on the whorl than in the typical 
M. turriculata; the additional fine keel is visible on the three 
lower whorls. The sutures are rather more prominent than in MM. 
turriculata, De Koninck, and also than in my larger specimen. The 
lines of growth are well preserved on the lowest whorl; they curve 
back to the strongest keel, are invisible between it and the keel 
next below, and then curve forward again. ‘The sinus is probably 
situated between the strongest keel and that next below, but the 
apex and the base of the shell are broken. 

Length of fragment consisting of six whorls 5} millim., width of 
lowest whorl 25 millim. ; itis slightly broken, therefore this measure- 
ment is somewhat less than it would be were the whorl entire. 

Locality. Dalry. 

Formation. Upper Limestone Series. 


Morcuison1a (GoNIOSTROPHA) SUBTILISTRIATA, sp. noy. (Pl. XX. 
eS (4 ©.) 

Shell small, very elongated, consisting of numerous whorls. Hach 
whorl has a strong angle a little below the middle, and on this angle 
there is a prominent keel. About midway between this keel and 
the suture there is another keel ; between these keels there are two 
strong threads, and below the lower keel there are one or two strong 
threads between it and the suture. There is also a very faint 
line about midway between the angle and the upper suture. The 
lower part of the whorl is almost flat and slopes rapidly down to the 
suture, which is deep. The upper part of the whorl is slightly con- 
vexo-concave in adult specimens, but in young ones it is more convex, 
the concavity above the angle being hardly discernible. The lines 
of growth are not well preserved on any of the specimens; on the 
penultimate whorl of the largest specimen there are traces of lines 
of growth curving forward below the strongest keel. This keel 
probably represents the sinus in the outer.lip. The base of all the 
specimens I have seen is broken, therefore the form of the mouth is 
unknown. 

There are three specimens of this shell in the collection of Mr. 
Young, Hunterian Museum, Glasgow, and I have a fragment which 
was given me by him. The largest specimen (Pl. XX. fig. 7) con- 
sists of eleven and a half whorls; both the apex and base are broken. 
Its length is 84 millim., width of body-whorl 33 millim. Length 
of fragment (PL VOR fic. 8), consisting of three whorls, 37 millim. 

Locality. Glencart, Dalry. 

Formation. Upper Limestone Series. 


Section SrEGoc@ Lia. 


Whorls angular, keeled ; sinus wide, situated on the posterior part 
of the whorl above the angle, umbilicated when young; inner lip 
reflected on the columella and forming a callosity round the base 
of the pillar, covering the umbilicus in adult specimens. 


ede Gigise JWan Ike 2% 
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Morcuison1a (Stegoc@tra) compacta, sp. nov. (Pl. XX. figs. 9-13.) 


Shell small, short and conical, composed of from six to nine 
whorls. The whorls are almost convex, being but slightly angular. 
A little above the centre of each whorl there is a strong keel, below 
which there is another almost equally strong, and just above the 
suture there is a third and slighter keel; the space between the 
two uppermost is the greatest. Below the suture there are two 
very fine keels placed close together, occupying about half of the 
upper surface of the whorl and leaving a wide space between them 
and the strongest keel. This space seems to have been formed by 
the successive filling up of the sinus in the outer lip, as indicated 
by the lines of growth, which are strongly arched and so fine that 
they are only to be observed on well-preserved specimens. On the 
rest of the shell the lines of growth are much stronger and may 
be distinctly seen curving back over the two uppermost keels and 
curving forward again below the strongest keel. Base of the shell 
rounded, Mouth rather longer than wide, slightly channelled below ; 
outer lip reflected over the pillar; the inner lip is a thin shelly 
layer spread on the columella; it thickens at the base of the pillar 
and covers the umbilicus in adult specimens, in young ones the 
umbilicus is open. 

Length of a medium-sized specimen about 4 millim., width of 
body-whorl 2 millim. A fragment of a larger specimen measures 
22 millim. across the body-whorl, height of its body-whorl 25 — 
millim. 

This shell is shorter than is the case in most of the Murchison. 
Its ornamentation resembles that of MW. quadricarinata, M°Coy, but 
it may easily be distinguished from that shell by its greater spiral 
angle and smaller number of whorls. It appears to be identical with 

some shells in the Brussels Museum from Visé marked JV. spirata, 
Goldf.* I have, however, seen the type of this species in the Bonn 
Museum, and it is a totally different shell, being more elongated, 
and the ornamentation is quite distinct. 

Locality. Glencart, Dalry. 

Formation. Upper Limestone Series. 

There is a single specimen of this species in the Jermyn Street 
Museum, marked No. TK, 1618. It is well preserved and consists 
of six whorls, the apex is, however, broken; if entire there would 
probably be two or three more whorls. One ofthe fine keels on the 
upper part of the whorl is wanting in this specimen. This may 
perhaps arise from the substance in which the shell is preserved being 
too coarse to retain it. 

Length 3 millim., width of body-whorl 14 millim. 

Locality. Cawledge Burn, 2 of a mile N.of Cawledge Park, 8. of 
Alnwick. 

Formation. About the same horizon as the Yoredale rocks f. 


* Petr. Germ vol. iii. p. 26, pl. 172. fig. 6, a, 0b. 

t I am greatly indebted to Mr. John Young, Hunterian Museum, Glasgow, for 
his kindness in giving me every facility, whilst writing this paper, for studying 
his fine collection of Carboniferous Gasteropoda and also for the gift of many 
specimens. 
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EXPLANATION OF PLATE XxX. 
Figs. 1, 2. Orthonema pygmeum, sp. u., Glencart, Dalry: 1, front view, x 12; 
2, back, x 15. 
3, 4. Orthonema (?) Youngianum, sp. u., Glencart, Dalry. x 12. 
5. Murchisonia (Goniostropha) turriculata, De Kon., Abbey Foss, Ask- 


niga, xX 3. 
6. (——) , var. scotica, Dalry. xX 8. 
7, 8. —— ( ) subtilistriata, sp. n., Glencart, Dalry: 7, adult, x 6; 


8, fragment of young shell, x 8. 

9-13. —— (Stegocelia) compacta, sp. n., Glencart, Dalry: 9, back view, 
x 12; 10, apex, x 10; 11, mouth, enlarged, showing reflected 
inner lip, outer lip broken; 12, young shell showing open umbi- 
heus; x 10/13; + 12. 
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38. On Tacuytyre from Victor1a Park, WHITEINCH, near GLAsGow. 
By Franx Rutzey, Esq., F.G.S., Lecturer on Mineralogy in the 
Royal School of Mines. With an Anatysts of the Rock, by 
Putte Horrann, Esq., F.C.8., F.C. (Read June 19, 1889.) 


In a paper published last year in the ‘Transactions of the Geolo- 
gical Society of Glasgow’ by Messrs. John Young, F.G.S., and 
D. Corse Glen, F.G.8.*, an interesting account is given of certain 
intrusive sheets and veins of dolerite passing through Carboniferous 
shales and sandstones, which contain the erect stems of fossil trees, 
determined by Mr. R. Kidston, F.G.S., as those of Lepidodendron 
Veltheimianum*. In one instance a thin vein of the dolerite was 
found to pass completely through one of the trees a little above the 
roots. There can therefore be no doubt that these dolerite veins 
were formed, as the authors point out, subsequently to the growth 
of the trees and the deposition of the surrounding beds. 

In the paper already cited the authors duly recognize the tachy- 
lytic character which the margins of the smaller intrusive veins 
present in the following words :— 

‘‘In this quarry we have the interesting evidence that along these 
lines, especially in the thinner veins, the dolerite has cooled as a 
vitreous glassy lava, in which a thin layer, showing micro-spheru- 
litic structure, has been developed during the process along the 
surface of both faces of the vein. These veins are now seen to have 
lost their glassy structure through devitrification, and are of a whitish 
colour, but their spherulitic structure, which still remains, clearly 
indicates that they once existed as veins of a glassy tachylyte. This 
is the first instance in which we have found such a structure amongst 
the dolerites of the Glasgow Coal-field.” 

I am indebted to the kindness of Mr. John Young for the speci- 
mens upon which this paper is based. 

Of these the most important is one in which the entire thickness 
of the vein is shown, and to which the shale, forming one of the 
walls, is attached. The total thickness of the vein, with its tachy- 
lyte selvages, is about one inch. The vein itself is of a pale bluish 
grey to brownish grey, becoming greyish white along the margins 
where the spherulitic structure is best developed. A very narrow 
band, or rather film, of a partially vitreous character, lying between 
this and the shale, is of an ashy grey colour. The shale is black or 
dark bluish grey, and the planes of lamination are speckled with 
exceedingly minute scales of mica. 

That portion of the section which is most remote from the contacts: 
shows a confusedly crystalline structure, together with a small 
quantity of interstitial glass. 


* “Notes on a Section of Carboniferous Strata containing Erect Stems of | 
Fossil Trees and Beds of Intrusive Dolerite in the old Whinstone Quarry, . 
Victoria Park, Lower Balshagray, near Whiteinch and Partick.” 

+ Ibid. 
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A tendency to spherulitic structure, through the radial grouping 
of small crystals or microliths, may be observed even in this part of 
the vein. These seem to consist chiefly of felspars, more or less 
altered, and there are, besides, a few micro-porphyritic crystals of 
augite and olivine, and some irregularly shaped spaces, now filled 
with calcite, which may in some cases be pseudomorphous after 
olivine, in others an infiltration-deposit in vesicles. The section is 
profusely speckled with minute opaque grains, which, in reflected 
light, appear white or yellowish white. This white matter may 
be partly kaolin, but in some instances it is apparently leucoxene, 
resulting from the alteration of ilmenite or titaniferous magnetite, 
the latter being rendered the more probable from the frequent occur- 
rence of this white substance in the form of minute octahedra. 

The crystallization in this central portion of the vein has a some- 
what coarser character than in the marginal parts. Micro-porphy- 
ritic pseudomorphs are to be seen here and there; they consist of 
calcite, having a slightly rusty stain, and are sometimes bordered by 
a narrow zone of limonite. 

In some cases they are pseudomorphs after augite. One section 
taken in the plane of symmetry gave the angle 100 : 001=74°; 
another, approximately basal, gave the angle 110: 110=86°. 

In this portion of the vein what appear to be minute garnets are 
somewhat plentiful. They mostly occur in rounded grains, but 
small rhombic-dodecahedra may occasionally be detected. 


Section of White-Whin Vein, Victoria Park, Whiteinch, near 
Glasgow. (Natural size.) 
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aa. Densely spherulitic bands. 
66. Colourless vitreous bands with spherules. 
¢c. Brown or coffee-coloured vitreous bands, showing distinct fluxion-banding 
and containing a few small spherules. 
d. Dark shale. This has been broken away from the under surface of the 
specimen. 


The central portion of the vein has a confusedly crystalline structure. 


On passing from the middle of the vein towards the margin the 
proportion of opaque white matter diminishes, and an increase of 
vitreous material, coupled with a more marked tendency to spheru- 
litic structure, is met with, a zone of densely packed spherules 
(indicated by the letter a in the accompanying figure) eventually 
resulting. This spherulitic zone ends abruptly, and is succeeded by 
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what must once have been an almost purely vitreous band (indicated 
by the letter 6), which has, however, undergone a partial devitrifi- 
cation, seemingly by the development of globulites. Fluxion-struc- 
ture is very well defined in places. There are a few isolated sphe- 
rules in this band, and between it and the more densely spherulitic 
zone there is a sharp, but very irregular, sinuous line of demarcation 
slightly stained by ferric oxide. The band (6) appears very dark 
between crossed nicols, in spite of the devitrification, showing that 
a considerable amount of unaltered glass is still present. 

This band is succeeded by another (indicated by the letter ¢), 
which is also vitreous in character, and is densely crowded with 
minute, opaque, white specks, which cause it to assume a bluish- 
white milky appearance when viewed in reflected light. When 
thus illuminated the belt is seen to be marked with irregular snow- 
white streaks, indicative of fluxion. 

In transmitted light the belt appears of a yellowish-brown to 
reddish-brown or almost coffee-colour, while the fluxion-banding now 
stands out in dark, almost black, streaks. The difference in colour 
between this and the adjacent, nearly colourless band (6) is very 
marked. 

In the coffee-coloured band (c) a few well-defined spherules also 
occur. 

Between this and the Carboniferous shale there is a very per- 
sistent, irregular, finely crumpled, opaque line of a pale yellowish 
or reddish white. ‘This line represents what appears to be the limit 
of fusion of the shale. 

The bands 6 and ¢ show great irregularity in their respective 
thicknesses, and occasionally one of them seems to thin out almost 
entirely. This is evidently due to the drag exerted upon the once 
viscous matter of the vein by the walls along which it crept, such 
a motion, and that an occasionally retarded one, being sufficiently 
evinced by the fluxion-banding. 

To ascertain the relative fusibilities of the whin and the shale two 
small splinters were taken, one of whin and the other of shale, as 
nearly as possible of the same size and thickness, and were held side 
by side in the forceps and exposed to the blowpipe-flame for the 
same period and in the same part of the flame. An exposure of 
several seconds sufficed to fuse the extremity of the fragment of 
whin to a dark glass, while that of the shale was slightly fritted to 
a greyish enamel, 

A further exposure to the flame resulted in the formation of more 
and of a darker glass on the shale than that previously developed ; 
but it was at once evident that, of the two splinters, the whin 
produced the darker glass, and was the more readily fusible rock. 
The dark colour of the glass produced by the fusion of the whin in 
the blowpipe-flame is evidently due to further oxidation of the iron 
present in the rock, and which, as shown by the analysis, exists 
chiefly in the condition of protoxide. 

The deep colour of the vitreous band in contact with the shale and 
the colourless character of the adjacent glassy one, which unques- 
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tionably belongs to the whin-vein, indicates that there is a difference 
in the chemical composition of the two bands, the deep colour of the 
glass in contact with the shale being probably due to the presence of 
metallic oxides in the latter rock. If this be so, the dark-coloured 
glass results from the fusion of the shale. It may be that this 
is merely the outermost glassy selvage of the whin-vein, tinted 
more or less by metallic oxides derived from a very slight in- 
cipient fusion of the shale. Assuming, for the moment, that this 
is the case, we have to account for the well-defined sinuous line of 
demarcation between the coloured and colourless bands of glass, and 
regarding these two bands as viscous matter of different densities, 
the existence of such a line, the trace of an undulating separation- 
surface, in a rapidly cooling magma is precisely what one would 
expect. A more perfect incorporation of the two glasses would have 
resulted in a lowering of tint and in the abolition of any such line 
of demarcation. The colourless glass may therefore be regarded 
as the tachylyte of the whin-vein, while the darker band I propose 
to distinguish by the term shale-glass. 

As already pointed out by Messrs. J. Young and D. Corse Glen, 
a considerable variation in texture and colour is met with in the 
material constituting the intrusive veins at Whiteinch, and, to quote 
their own words, ‘“‘ Where thinner sheets and veins derived from the 
main mass are found to be intrusive in higher or lower levels of the 
strata in the same locality, as in the quarry at Victoria Park, the 
rock is generally seen to pass from its normal dark colour into 
different shades of light grey and greyish white, the alteration being 
evidently due to its contact with the sedimentary rock and to rapid 
cooling, especially along the lines of contact” *. 

Mr. Young has kindly forwarded small specimens of the veins at 
Victoria Park, showing these variations, and I have examined 
sections made from those which appeared most typical, with the 
result that I find the dark, coarsely crystalline dolerite to consist of 
felspars which, from their extinction-angles, appear to be labradorite, 
but which are, for the most part, in too advanced a stage of 
alteration to admit of any optical determination. Olivine and 
ilmenite are also plentiful—the former mineral often showing 
alteration into serpentine or calcite, while the ilmenite has been, in 
great part, converted into leucoxene. Apatite is also plentiful in 
the form of slender hexagonal prisms. A considerable amount of 
green to brownish-green chlorite is also present, occasionally form- 
ing fringes, composed of fan-shaped aggregates of plates, around the 
walls of vesicles, the central portion of the vesicle being frequently 
filled with calcite. In addition to the minerals mentioned, the 
section shows a few small crystals of a dark-brown magnesian mica, 
and here and there a speck of pyrites. 

Another specimen from the same locality, but of a totally different 
character from the preceding, is very fine-grained in texture, and of 
a pale bluish-grey, passing into a buff colour. In a section taken 


* Trans. Geol. Soc. Glasgow, 1858. 
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from this specimen the chief constituents are decomposed felspar 
(labradorite ?) and olivine in irregularly shaped grains, sometimes 
containing fluid lacunze with bubbles. These enclosures often 
take the form of negative crystals, whose outlines are rhombs 
or rhomboids, although they occasionally appear in approximately 
spherical or ellipsoidal forms. Limonite and pyrites are also present, 
and there is a small amount of interstitial glass. 

A section taken from a still finer-grained chip from one of these 
veins, also of a pale grey or greyish-white tint, shows a confused 
felted mass of very small crystals, which, here and there, have a 
tendency to form little divergent or radiating groups. These, for 
the most part, seem to be minute decomposed felspars, while 
occasionally somewhat larger crystals of felspar may be seen, but 
they do not occur in sufficient number to give a micro-porphyritic 
character to the rock. In trausmitted light the section shows a 
profusion of minute opaque specks, which, by surface-illumination, 
appear white, and are probably kaolin. Limonite and a few specks 
of pyrites are also present, together with a little calcite. 

In the thinner parts of the section a certain amount of interstitial 
isotropic matter may be detected, and this is probably the original 
glassy basis. Its presence, however, cannot be satisfactorily made 
out in the thicker portions of the section, although it doubtless 
exists there, owing to the anisotropic: bodies with which it is 
associated. There is, in fact, no evidence to prove that the vein 
solidified wholly as a glass, and I am inclined to think that it 
merely had a glassy basis or residuum, although the marginal 
portions were once quite vitreous. 

This is the only point in which I differ from the opinions 
expressed by Messrs. Young and Corse Glen in the admirable paper 
already cited, and to which I am so largely indebted for infor- 
mation. 

The devitrification both of the colourless and the coloured glassy 
bands forming the margins of these veins has been caused in great 
part by the development of globulites *, accompanied by a separation 
of what has apparently been titaniferous magnetite or ilmenite, now 
altered into leucoxene; but in the band (¢) next to the shale the 
globulites are much more densely massed, and appear to be of a 
deeper colour, an appearance which is perhaps due in some degree 
to the fact that they are so massed, perfect opacity resulting in 
many places from this cause. It may be that some of the larger 
brownish granules are spessartine, as they closely resemble those 
seen in sections of the hone-stone or coticule from Viel Salm 
in Belgium, described. by Prof. Renard, and the occurrence of 
0-14 per cent. of manganese protoxide in Mr. Holland’s analysis 
of the rock tends to support this assumption. The main point of 


* This devitrification seems to accord to some extent with that met with in a 
tachylyte described by Dr. P. N. Wenjukoff, “‘Spharolith Tachylyt von Sichota 
Alin im Ussurgebiet,” Bull. Soc. Belge de Géol. t. i. p. 367 (1887). 

+ “Mémoire sur la structure et la composition minéralogique du Coticule,” 
Mém. Acad. R. Sci. Belg. t. xli. Bruxelles, 1877. 
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interest in these veins consists in what seems to be the reciprocal 
action of synchronous cooling and heating. which, if the foregoing 
interpretation of the microscopic phenomena be correct, must have 
taken place between the whin-vein and its adjacent walls of 
shale. 

That there has been a somewhat rapid chilling of the whin is 
evident from the production of its once vitreons selvage, and it 
would appear that the heat needful for the retention of the whin in 
a state of fusion has been transferred to the shale, fusing the latter 
to a slight extent. The two vitreous bamds (6 and °) taken together 
seldom, indeed, attain a thickness of more than ;4 inch, so that a 
selvage of these small dimensions might easily be overlooked in the 
field by any but most careful observers. 

An analysis of a specimen collected by Mr. Young from one of 
these narrow veins has kindly been made for me by my friend 
Mr. Philip Holland. The specimen showed the entire thickness of 
the whin-vein itself, after the removal of the shale with its adherent 
shale-glass selvage. 

The following is the result of the analysis :— 


White-Whin Vein, about one inch in breadth, Victoria Park, 
Whiteinch, near Glasgow. Sp. gr. 2°62. 


SiO, = 45:240 
INO ee AOSD 
Fe,0, = 1°841 
FeO = 8019 
MnO = 0:140 
CaO = 4-640 
MgO = 5:744 
NaO> =) 57315 
Oe Oot 
OF = 2°980 
Combined water = 5:655 
99-751 
P. Hoxuanpd, F.C.S., F.1.C., 


Southport. 


The microscopic examination, coupled with the chemical analysis, 
of this whin-vein indicates that its constituents are chiefly plagio- 
clastic felspar (? labradorite), serpentine pseudomorphous after 
augite and olivine, calcite also pseudomorphous after augite and 
olivine, or forming amygdaloidal bodies. 

In addition to these minerals there appears to be a small amount 
of garnet (probably spessartine ?), represented by minute grains 
and occasionally well-formed crystals, a certain amount of leu- 
coxene, resulting from the alteration of ilmenite and titaniferous 
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magnetite, and a very small quantity of sparsely distributed un- 
altered ilmenite. Finally, there is more or less interstitial glassy 
matter, now partially devitrified. The phosphoric acid is, no doubt, 
due to the presence of apatite; but the small dimensions of such 
crystals would easily cause them to be overlooked in a rock of such 
finely crystalline texture. 


Discussion. 


The Cuarrman (Prof. J. W. Judd), with reference to Mr. Rutley’s 
suggestion as to the origin of the two layers of glassy rock, asked for 
further information. The veins were very small, and it was admitted 
that it was difficult to suppose they had produced fusion of the shale, 
when in the case of much larger dykes such fusion did not occur. 

The Aurnor stated that he had often been disappointed in his 
search for cases of fusion at the contacts of large intrusive veins 
and dykes, while, on the other hand, comparatively small veins had 
produced alteration of the adjacent rocks. He considered that the 
character of the rock'must be taken into account. Absolute demon- 
stration of the fusion of the shale was still wanting in the case 
described, but he believed that the conclusions given in the paper 
approximated to the truth. 
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39. Nores on the BacsHot Bens and their SrRATIGRAPHY. 
By H. G. Lyons, Esq., R.E., F.G.S. (Read June 19, 1889.) 


[Puare XXT.] 


Since the publication in the Quarterly Journal of the Society (Q. J. 
G. S. xliii. p. 431) of a paper on the London Clay and Bagshot 
Beds of Aldershot, I have made a number of observations on these 
beds as they occur in the area between Aldershot and Ascot. These 
observations | would now place at the disposal of other workers, 
as I shall have no further opportunities of making use of them, and 
I would also shortly refer to the results to which they seem to me 
to lead. 

In my previous paper, referred to above, I only discussed the beds 
at their southern outcrop over an area about 5 miles from E. to W. 
by 2 miles from N.to 8., and showed that within this area the 
Bagshot and London-Clay strata remained of constant thickness and 
dipped at an angle of about 22° northwards. 

_ Over so small an area it was easy to obtain sections which would 
show what was required, and at the same time of a length short 
enough to avoid the necessity of any great exaggeration of the vertical 
scale in order to show the details. But now that the area under 
consideration is some 15 miles square, the difficulty becomes greater 
when a consideration of the effect upon this area of the Hog’s Back 
monocline is attempted ; however, as there is inthe case of the 60 
feet of strata grouped as Middle Bagshot a series of nearly constant 
thickness over the area, it occurred to me that if the attempt was 
made to contour the surface of this bed from the various known 
altitudes of the outcrops, from its positions in well-sections, and, 
in some cases, from its restored positions, where it has been removed 
by erosion, the result might very probably give the form into which 
the beds had been pushed by the different small flexures which there 
might be, and which were too slight to be seen in sections of any 
length. Of course it is not for a moment contended that this con- 
touring can produce accurately the form of the surface ; butit seems 
to me that it may be possible thus to group the different altitudes so as 
to show more clearly their relations to one another, and to accentuate 
rather more those slight and gradual rolls by which these beds have 
been affected and which, though insignificant in themselves, do, if 
unnoticed, increase the difficulties of correlating strata even in so 
small an area. 

First, taking the country round Swinley Park, we have the pebble- 
bed at the top of the Middle Bagshot recorded at * Red Lodge at 
300' + O.D., observed on the road to the west at 290’, in Swinley 


* Dr: Irving, Q. J. G. S. vol. xliv. p. 165. 
t+ Heights shown thus (800’) are heights above Ordnance Datum; thick- 
nesses have the word “feet” in full. 
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Park at 300’, and in the Deer-park at nearly 310’ ; it is also recorded * 
at Tower Hill, 300’, and Hagthorn Hill, 290’. Dr. Irving has also 
told me of the occurrence of this same bed at 300’ on Long Hill, 
the western extension of Goathurst Hill by Ascot ; and we have a 
published section + of the deep well on Ascot Racecourse with 115 feet 
of Bagshot sand, almost, if not quite, all of which is Lower Bag- 
shot. If we add to this 50 feet for the Middle Bagshots which 
have been removed, we get 300’ as the altitude for the pebble-bed. 
Then at Bracknell Station =, Easthampstead Church, the slope of 
Bill Hill, and in sections round Wellington College we get altitudes 
of 260' and 265’. 

Next, at the entrance to the Staff College at Camberley, on the 
Bagshot road, the pebble-bed is recorded at 260'§, and as we go 
northward from here we have it at 165’ || in the well at the Albert 
Orphan Asylum. These two altitudes may seem to differ enor- 
mously, though situated so near together; but when the dip is 
calculated out it only gives a slope of a little over 3°. 

On the Railway between Bagshot and Ascot I have found the 
pebble-bed at 230’, 240’, and 255’, as shown on the map, and on 
Chobham Common as follows :— 


Hill above: Titlarks Parny) 45.00) accds dies tha decide. doublet eeeeeeeae 235' 
Cross Road, near Staples FRI wai. sass ons vee de deem + saab nete seen ao cee eee 215! 
Staples: VMs coisa. uh us eneoseamnuan actneeily ncn 5e6 cic dani salen s Ace ae aE err 210' 
Windlesham (mear Mars! Rothery s)... 42. 5.+<.qece-narcn acetone: ose 200' 

CHURCH eed. ood cohen sotnedecescestabe Shcee oaeeee sees aeene teeta sees ean 200' 


-At Barrow Hills the house is about 175’, and the well there 
(from particulars kindly furnished by Rev. A. Bramwell) passes 
through 


it, 

Clay ( MiddleiBagslaot) (0 iic.. 2 iis Sees oot Coercion’ tea de oe ses eee 8 
Kine) Sand (lower Bagshot) isay.cee: ces. daesee ann eae eitaleldiids odie ho ae 37 
Total ...... 45 


Adding 50 feet for the rest of the Middle Bagshot, we get 225’ 
for the restored altitude. 

For St. Anne’s Hill, Chertsey 4, we have 220’ or 230’, and for 
St. George’s Hill, Weybridge, a similar height, 230’. 

Coming down the L. and 8. W. main line we find it at 200’, 
by Whitsheet near Woking station, and at 185’ on the hill by 
The Hermitage near Woking Convict prison. 

Now we come toa series of altitudes running due north from 
Worplesdon, 175', by Dawson’s Well 160’, and by Dawnay’s Hill 
west of Woking Cemetery, about 160’. 


* Q.J.G.S8. vol. xliv. pp. 165, 166. 

t Dr. Irving, ibid. vol. xliii. p. 387. 

+ Dr. Irving, Proc. Geol. Assoc. vol. ix. no. 6. 

§ Dr. Irving, Q. J. G. 8. vol. xli. p. 499. 

|| Surv. Mem. vol. iv. p. 537. 

q Mr. W. H. Hudleston, Q. J. G. 8. vol. xliil. p. 443. 
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In Brookwood Stumps, just north of the Railway, in a well sunk at 
a new brick house, there was passed through 


it. 
AVGell rm COMIN Ree Rect ico e ron eins celv sw aistes.aiaataot sis aay siana'ness sleinslsie 10 \ Middle 
Dark-green sharp sand with thick line of pebbles ............ 7 { Bagshot. 
Motalegres: 17 


Level of well-mouth about 156’, thus giving about 160’ for the 
top of the Middle Bagshot, which crops out at 170’ at the south 
end and 175’ at the north end of Knaphill Common. 

By the Gordon Boys’ Home it crops out in a ditch below the sand- 
pits at the top of the hill at 165’, and at 160’ on the north side 
of the hill. Hast of this, pebble-gravel, overlying clayey Middle- 
Bagshot beds, occurs on Stanners Hill at 170’, and also at 200' 
in the road east of Childown Hall. 

Now Mr. Hudleston * gives the base of the Ongar-Hill Middle- 
Bagshot Clays as 100’ above O.D., so we may take 150’ as about 
the top of the Middle-Bagshot beds there originally, which is a fall 
of 15! from the Royal Albert Asylum Well, and gives us the lowest 
point we have as yet got for these beds, and Row-Hill brickyard 
is about the same. 

He also gives the base of the Woburn brickearths as 60' above O.D., 
so if they should be basal Middle Bagshot the upper limit would 
hardly rise above 120’ above O.D. 

Coming now to Hampshire (and omitting any recapitulation of 
altitudes of these beds given in my previous paper) T, at a well sunk 
at Farnborough Rectory, the Clay at the base of the Upper Bagshot 
was reached at a depth of 46 feet from the surface, which wes at 
250’ above O.D., so we here get 204’ for our upper limit. 

Dr. Irving has also informed me of wells at Hawley Vicarage and 
Minley Manor, where the Middle-Bagshot strata had not been pene- 
trated when a point 180’ above O.D. had been reached. 

Here perhaps the well at Mychett Place, Frimley, should be 
mentioned, though I cannot produce any additional evidence in 
explanation of that furnished by Dr. Irving £; but taking into 
account the base of the Upper Bagshot at the Farnborough-Rectory 
well at 204’ O.D., and the fall of the beds as I show it in the 
contoured plan, I would suggest the reference of the first bed only, 
‘¢ White sand 53 feet,” to the Upper Bagshot, the next 42 feet to 
the Middle Bagshot, then about 102 feet to the Lower Bagshot, and 
the remainder to the London Clay, though I know the assignment of 
so great a development of sandy beds to the London Clay has been 
strongly objected to. 

If, now, with the aid of these data the area be contoured, the 
result is (not expecting any great topographical accuracy), I think, 
of some interest. We have a well-marked anticlinal, of which the 
axis points upon Windsor Castle (where, of course, the Chalk has 
been brought up through the Lower Tertiaries), and this anticlinal 
seems to pass through the Swinley and Wellington-College area, and 


* Q. J.G.S. vol. xiii. p. 452. t Ibid. vol. xhii. p. 431. 
t Lbid. vol. xli. p. 496. 
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without the limits of this map will, I think, run to Hazley Heath *, 
where the pebble-bed is about 290', and to Shapely Heath, where 
it is about 300’. 

The anticlinal shown through Hagthorn Hill, Swinley Park, 
and Ceesar’s Camp, having a direction roughly 8.W. and N.E., seems 
to me to explain the rises of the beds mentioned by Dr. Irving 
(Q. J. G. 8. vol. xliv. p. 166),—-viz. (1) the rise of the base of the 
Middle group as it passes eastwards along Nine-mile Ride; (2) 
the slight rise of the beds of the same horizon from Wokingham 
to Bracknell; (3) the dip to the westward of the clay and sand beds 
at Bracknell,—and to do so better than the N.W.—-S.E. anticlinal, 
which he there postulates, and of which there is no evidence in 
Windlesham. 

Next we have a well-marked synclinal starting by Minley and 
Hawley and running by the Royal Albert Asylum and Gordon Boys’ 
Home, upon Ongar and Row Hills and Woburn Hill. 

A curious point is the group of low levels round Pirbright Green. 
I believe they are for the most part correct; for in one case close to 
the railway-bridge north of Dawnay’s Hill there is an Upper-Bagshot 
sand-pit at 156’, where Mr. Herries f obtained fossils. I have had 
135’ O.D. given to me as the level of the top of the Middle Bagshot 
at the Manor House, Pirbright; and if this is correct the case of 
these grouped low levels is even more remarkable. 

Then we have the anticlinal running on to St. George’s Hill, 
Weybridge, and the northern slope of this will, it seems to me, give 
the fall of the surface of London Clay in a direction H.N.E. to W.8.W. 
as noted by Mr. Hudleston +; for trom this paper of Mr. Hudleston’s 
we have the base of the Bagshots 658 yards west of Walton Station 
at +85' O.D., and 24 miles off, at the railway-bridge over the 
River Wey, it is at +30' O.D.; so if we add 180’ to these we shall 
get 265' O.D. and 210' O.D. as the top of the Bagshot series 
originally, which helps to give us the direction of this anticlinal ridge. 

Similarly the Swinley anticlinal roll will give the slight tilt to 
the westward which Dr. Irving notices §, and the southern side 
of it perhaps that dip to the S.E. he described under Finchampstead 
Church. No doubt more stratigraphical details would alter to some 
extent, and perhaps considerably, my delineation ; but I believe the 
dominant features of it will be found to remain the same. 

To the north-east of Chobham Common the Bagshot sands begin to 
disappear on the line of Chertsey and Egham ; but it may be worth 
while to see what altitudes will be obtained by restoring a thickness 
of about 180 feet for the Middle and Lower Bagshots where they 
have been removed. 

At Chertsey Brewery || the London Clay is 386 feet thick, and has 
its upper surface at a level of 0! O.D. 

Next, taking the Holloway Sanatorium near Thorpe, about 14 


* Messrs Gardner, Keeping, and Monckton, Q. J. G. 8. vol. xliv. p. 618. 

t Zom. cit. p. 612. t Jbid. vol. xliii. p. 451. § bid. vol. xliv. p. 169. 

|| Mr. W. Whitaker,“ Surrey Wells and their teaching,” Croydon Micro. 
and Nat. Hist. Club, 1886. 
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mile N.W., we have 110 feet Lower Bagshot, and 329 feet of 
London Clay, well-mouth probably a little above 100’ O.D., which, 
again, brings the London-Clay surface to about 0’ O.D.; I can find 
no decisive evidence of these 110 feet being certainly Lower Bagshot, 
and part may be London-Clay beds. But about midway between 
these two points we have Saint Anne’s Hill with the Middle Bagshot 
at least at an altitude of 220'; and taking 180 feet as given by 
Mr. Hudleston* for the combined thickness of the Middle and 
Lower Bagshot, we have the London-Clay surface at +40’ O.D., that 
is 40 feet at least above its position at Chertsey, a mile distant ; and 
this line, if produced 2000 yards further, comes to Woburn Hill, 
where, if this slope has continued, we should expect to find the 
London-Clay surface at —45' or —50' O.D., and Mr. Hudleston + 
says that if the Woburn-Hill brickearth is to be basal Middle Bag- 
shot, the London-Clay surface would be 60’ below O.D. 

The greater part of Egham is at an altitude of 50’ O.D., and the 
London Clay was reached in the Staines-Waterworks well 23 feet 
below river-gravel, &c., and was penetrated 235 feet; so that if we 
restore the London Clay to the same thickness that it attains at 
Thorpe (330 feet), the surface of the London Clay will have risen 
to 122’ O.D., and the top of the Middle Bagshot to 302’. 

And thus we get a fall in the London-Clay surface of 122 feet in a 
little over three miles from Egham to Chertsey, which gives 40! per 
mile, or the same as we got between St. Anne’s Hill and Chertsey; if 
we take the original thickness of the London Clay at 386 feet, as given 
by the Chertsey-Brewery well, the slope becomes 60 feet per mile. 

Next I have attempted to map, as nearly as I could, the southern 
and eastern limits of the Upper Bagshots (Pl. XX1.) +. 

Tt is at the most but an attempt to place the result of my work 
during the last two years at the disposal of others who may be in- 
terested in this district. 

The boundary to the N.W. is not drawn, as I am not sufficiently 
well acquainted with the ground even to estimate its probable posi- 
tion, which, indeed, is all I claim for the eastern boundary. It will 
be seen at once that a much greater extent is claimed for the Upper 
Bagshot Sands than has been mapped by the Geological Survey, as 
since that was done fresh sections have constantly been available, and 
this area is also even larger than that proposed by Messrs. Gardner, 
Keeping, and Monckton §. 

Commencing at Ash, where the pebble-bed is at 310’ O.D., and 
following the outcrop eastwards round the foot of the hills, it falls 
to 300’ due north of the head of East Wyke Lane and above the 
brickyard there. Thence it runs behind Normandy Park and again 
appears forming the surface of the ground at Dolleys Hill, 250’ O.D. ; 
then gradually becoming undistinguishable as it is followed up 
‘Whitepatch Bottom, the boundary has to be drawn in from the line 

* Ibid, vol. xiii. p. 452. t Tom. cit. 

{ Though the area tinted as Upper Bagshot includes the Blackwater Valley, 
this has only been left thus to avoid complicating the detail by drawing the 


boundaries of the river-deposits. 
§ Ibid. vol. xliv. p. 609. 
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of springs and form of the ground passing just east of Rails Farm, 
where there is a sand-pit in the Upper Bagshot, skirting the hill 
above Duchies and that by Pirbright Lodge. Then it runs back to 
Furzehill Pond, and skirting, or possibly crossing and recrossing, the 
railway, takes in Dawnay’s Hill just north of Pirbright Green, and 
then turns northwards just east of Brookwood Station, and follows 
the course of the brook up to Cowshot Farm, probably crossing 
it just above, and coming down the north side before turning back 
to the N.E. across Bisley Common. This point is of special interest, 
as this has been selected as the site for the National Rifle Association 
camp to replace Wimbledon. 

The beds are dipping slowly northwards, and the clayey top of the 
Middle Bagshots ought, with the assistance of a system of French open 
drains, filled up with large stones, to drain this piece of ground suc- 
cessfully. Then again, as at the new well at Brookwood Stumps, the 
beds of greensand some 20 feet or 30 feet down in the Middle Bagshots 
would probably furnish an ample supply of water, besides that thrown 
out by springs at the base of the U pper-Bagshot sands, unless exception 
should be taken to the quality of this greensand water *; I may also 
mention that the surface of South Camp, Aldershot, is similar in 
structure though the dip is steeper, and that all the numerous shallow 
wells, about 20 feet deep, drawing their water from these Greensand 
beds have now been condemned for drinking-purposes. They are 
closed wells, and so have no chance of their water becoming purified 
by oxidation. 

From this point the boundary is drawn from the ground and from 
sections and exposures at Donkey Town, Bisley, and Knaphill, till 
the Ascot railway branch is crossed, and the line bends to the west 
south of Swinley Park. From this point, for want of certain know- 
ledge, the colouring has not been carried beyond the 300’ contour 
up to Broadmoor Bottom, and from there to the point 260’ O.D., 
where, as referred to above, the pebble-bed has been recorded. 

West of South Camp, Aldershot, the boundary of the Upper 
Bagshot crosses the centre of the Long Valley, bends east of the 
Racecourse, and runs up into Beacon Hill, where the pebble-bed 
occurs at about 400’ O.D. west of the Waterworks. 

I do not know how much of the actual top of Cesar’s Camp, &c.,. 
should be coloured as Upper Bagshot, as the gravel-capping obscures 
all traces of the underlying sands, and where wells have been sunk it 
has been at the western end of the hill, near Heath House. 

Cove Common and the part round Fleet I have mapped as Upper 
Bagshot, on the strength of numerous wells, about 18’ and 20’ in 
depth, which have been sunk, and various ditch-sections ; and in no 
case have I been able to obtain any good evidence of any Middle- 
Bagshot beds, but only of normal Upper-Bagshot sand or the over- 
lying drift sandy gravel. Round Bramshot Farm, between Fleet Pond 
and Hawley Pond, the soil becomes clayey, and on p. 313 of Prof. 
Prestwich’s ‘Geology, vol. ii., Cardita plantcostata is quoted as having 
been found at Hawley Pond, so we perhaps have here a Middle Bag- 


* Dr. Irving, Geol. Mag. 1885, p. 17. 
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shot bed ; and if this is the case, the anticlinal shown in the map will 
be the more pronounced. 

The line, Cricket Hill, Hill-Field Farm, Blackwater, where I have 
stopped the Upper Bagshot is an arbitrary one, as I have not sufficient 
information to continue it down to the junction with the Middle 
Bagshots which have been recorded at Yately, with an altitude of 
about 260’ O.D. for the upper limit. 

Of the outliers there are two small ones on Knaphill Common and 
by Donkey Town, and one larger one on Chobham Common, which I 
have roughly mapped in, as well asa small one on Staples Hill. 

Tam only too well aware of the unfinished character of this paper, 
but as no opportunity for a more detailed and accurate revision of it 
can occur for atleast several years, I have put together what facts I 
have in my possession so as to render them available for others. 


EXPLANATION OF PLATE XXI. 


Sketch Map of the Country between Aldershot and Ascot. 
(Scale 2 miles to 1 inch.) 


Discussion. 


The Caarrman (Prof. J. W. Judd) remarked on the value to be 
attached te detailed work carried on with excellent topographical 
maps. 

Mr. Moncxron noted that the line at which the Author had fixed 
the lower limit of the Upper Bagshot Beds practically coincided 
with that taken as the result of recent researches, and differed from 
that taken by the Geological Survey, causing a much wider extension 
of those beds. He considered it most desirable to take the well- 
marked pebble-bed as a dividing-plane. If the Upper Bagshot is 
to be extended beyond the limits of the Bracklesham Beds, he would 
like to learn the evidence for this. Sections at Bracknell, &c., were 
still the subject of controversy. 

Mr. Heurriss preferred not to criticize buried contour-lines off- . 
hand. He thought the evidence brought forward as to Hatch 
brickyard being in a syncline was of much interest, and perhaps 
the beds there might after all be Middle Bagshot. 

Mr. Starke Garpner, with the previous speakers, regretted that 
the Author was leaving the area. 

The Auvrnor, in reply, congratulated himself that he had avoided 
those controversial matters on which he could not produce con- 
clusive evidence, and so would not commit himself to a definite 
opinion about Bracknell. He thanked the Chairman for the way in 
which he had referred to his work. 


@.d..G.S- No; iso: 3A 
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40. CysrECcHINUS cRAssuS, a new Species from the RapioLaRIAN Maris 
of BarBapos, and the KvipENcr If Arrorps as to the AcE and 
Oriein of those Duposits. By J. W. Grecory, Esq., F.G.S., 
F.Z.8., of the British Museum (Natural History). (Read 
June 19, 1889.) 


THE most important addition made by the ‘Challenger’ to our 
knowledge of the living Echinoidea was unquestionably the dis- 
covery of those abyssal Spatangoids which are Ethmophract, Meri- 
dosternous, and Adete; it was the close resemblance of these to 
the Cretaceous Ananchytide that led to the well-known and oft- 
refuted generalization that we are still living in the age of the 
Chalk. The discovery of a new species of Cystechinus, one of the 
most typical of these genera, in the Radiolarian beds of Barbados 
is therefore of interest; and this is enhanced by the light it throws 
on the age and horizon of those well-known deposits. 

Of the genus OCystechinus Prof. A. Agassiz has only given a com- 
parative diagnosis; in the original description * he simply states. 
that it has the general appearance of Ananchytes, the simple am- 
bulacral system of the Pourtalesiade, and an actinostome less 
labiate than in that group. He points out that it serves, with 
the genera Homolampus and Paleotropus, as a transition from the 
Spatangidee to the Nucleolide and Hchinolampide. 

In the ‘ Challenger’ Report this notice has been somewhat ex- 
panded 7. Here the Galeritic features of the subcentral actinostome 
and the position of the anal system, the Ananchytid apical disc, the 
simple pores, the rudimentary auricles, and the proportions of the 
coronal plates in the ambulacral and interambulacral areas are all 
noticed. Buta positive diagnosis is necessary to the worker, as Prof. 
Dunean recently insisted when introducing his Revision of the Genera 
of Echinoidea to the Linnean Society ; it may therefore be of use to 
summarize the characters of the genus. I must here express my 
thanks to Prof. Duncan for much kind advice; to F. A. Bather, Esq., 
for drawing the figures which illustrate the present paper; and 
to Prof. Jeffrey Bell for his assistance during my examination 
of the ‘Challenger’ specimens, without seeing which I should not 
have ventured on this diagnosis. 


Cystrcuinus, A. Ag., 1879. 


Test attaining a considerable size. Shape normally oval, depressed 
or subconical above, and flat below, but variable, owing to the 
more or less flexible nature of the test. The plates vary in thickness 
from that cf ordinary writing-paper to 1-5 mm. 


* A. Agassiz, “ Preliminary Report on the Echini of the Exploring Expe- 
dition of H.M.S. ‘ Challenger,” Proc. Aimer. Acad. vol. xiv. (Boston, 1879), 
pp. 207-8. 

T A. Agassiz, “Report on the Echinoidea dredged by H.M.S. ‘ Challenger ’” 
during the years 1873-6,” ‘ Challenger’ Reports, Zool. vol. iii. No 1 (London, 
1881), p. 148. 
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Apical system subcentral, slightly excentric posteriorly. Slightly 
produced and disjoimt. Three or four genital pores. The position 
of the madreporite is variable; itis usually on the right antero- 
lateral basal, but it may have receded on to one of the adjoining 
intercalated perisomatic plates. These plates are two or more in 
number. 

Ambulacra apetaloid. Ambulacral plates large and usually hex- 
agonal, each perforated by a single pore, and either of the same 
number as the interambulacral plates or but slightly in excess. 

Interambulacral plates normally hexagonal, broader than deep ; 
horizontal sutures more or less curved. The plates of the postero- 
lateral interambulacra are the smallest. Caudal beak rudimentary 
or absent. 

Epistroma. The whole test is ornamented with a fine granulation 
and scattered tubercles. 

Actinostome central or subcentral; depressed, the edges raised 
into a rudimentary perignathic girdle. Actinal plates simple. 

Periproct inframarginal, just below the ambitus. 

No fascioles. 

Three species of Oystechinus were found by the ‘Challenger ’ 
Expedition, all of which came from very deep seas. C. Wavillit, 
the type species, was dredged at depths varying from 1375 fathoms, 
off the Crozet Isles in the Antarctic Ocean (Stat. 146), down to 2160 
fathoms off Juan Fernandez (Stat. 299), while it was met at inter- 
mediate depths at Stations 147 and 158 in the Antarctic Ocean, and 
at Stations 296 and 299 off the coast of Chile. C. vesica has been 
found to range from 1675 fathoms in the Antarctic Ocean at Station 
153, to 2160 and 2225 fathoms at Stations 299 and 298, between 
Juan Fernandez and Valparaiso. C. clypeatus, the species which 
is probably the nearest ally of C. crassus, was found off Tristan 
da Cunha at Stations 133 and 334 and in the China Sea at Station 
205, at depths of 1900, 1915, and 1050 fathoms respectively. 

‘The bathymetrical range of the genus is therefore from 1050 to 
2225 fathoms. Its geographical distribution is in the China Sea, in 
the Pacific off the S.W. coast of S. America, in the Atlantic near 
Tristan da Cunha, and in the Antarctic between the Cape and Aus- 
tralia. Its geological distribution is, with the exception of the 
species here described, limited to the present time. 


CYSTECHINUS CRASSUS, 2. sp. (Figs. 1-3, p. 643.) 


Shape oval, depressed; posterior interradius flat. The flexibility 
of the test is slight, the plates are 1°5 mm. in thickness. 

Ambulacra apetaloid. The plates are large and fairly uniform in 
size. In shape they are hexagons, which are usually nearly regular. 
They are of the same number as in the interradil, viz. 7 or 8 be- 
tween apical disc and ambitus. The pore in each plate is central 
or subcentral, the excentricity being towards the abactinal side 
of each plate. 

The plates are flat, without ridges, and covered by a minute gran- 


ulation with a few irregularly scattered small tubercles. 
34a 2 
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Interradu. The plates are broader than those of the ambulacra ; 
in shape they are hexagonal, but elongated. Horizontal sutures 
straight or very slightly curved. In thickness, number in vertical 
series, and distribution of epistroma they resemble the ambulacral 
plates. The postero-lateral plates are narrower than the antero- 
lateral pair. 

Apvcal system central, small ; the details of the arrangement as yet 
unknown, but it can only have been slightly disjoint or produced. 

The actinal surface with the periproct &c. is not shown in the 
specimen. 


Dimensions of type specimen. 


mm 

LeGiberelaess eit, 05245 Pe ees ea oe 150 

Width tay ise 2G RS ae CO) Ee ss 130 

Thickness: of plates «.. 00 cecal. 6 Ge Has 0k a eer 1:5 

Ratio of depth to breadth of ambulacral plates; about.... 2:3 
th Ps plates of interambulacrum 

No. 1; about 4:5 

i Fe FF No. 8; about 3:5 


Locality and Stratigraphical Position. The specimen (B.M. No. 
FE 318) was obtained by Thos. D. Hill, Esq., in a drab Radiolarian 
marl at a depth of 166 feet on the Haynesfield Estate, Barbados. 
The specimen was presented to the British Museum (Nat. Hist.) 
by G. E. Thomas, Esq., of Haynesfield. 

The age of the marl is probably Pleistocene or late Pliocene, but 
possibly Miocene, as will be subsequently discussed. 

Affinities of Cystechinus crassus.—The specimen is unfortunately 
in.a very imperfect state of preservation, as the actinal side is not 
shown, and the structure of the apical system can only be inferred. 
Even on the abactinal side many of the plates have been lost, though 
they have left clear impressions of the sutural lines and casts of the 
pores. Nevertheless none of the ‘Challenger’ collections of Cyst- 
echinus in the Natural History Museum are more perfect, except a’ 
couple of very young specimens of C. Wyvillii. The specimen is in 
better perservation than the collection of scattered plates that forms 
the type of C. clypeatus ; a paleontologist need not therefore be afraid 
to deal with the materials when the zoologists have not hesitated to 
use Worse. 

The specimen was originally identified as Calymne, no doubt 
largely owing to the fact that Sir Wyville Thomson had placed * in 
that genus the fragments of a form found at Tristan da Cunha, with 
which this species is allied, and on which A. Agassiz has subsequently 
founded the species Cystechinus clypeatus. From Calymne, how- 
ever, it is distinguished by the structure of the apical system, which 
is here less produced and disjoint, has fewer intercalated perisomatic 
plates, and the basals more uniform; the plates of the ambulacra, 
moreover, are less uniform and regular in Calymne than in Cystecha- 


* Sir Wyville Thomson, “The Voyage of the Cealeieer The Atlantic,” 
vol. i. (London, 1877), p. 399. 
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Fig. 1.—Cystechinus crassus, sp. n., from the Radiolarian Marls, 
Haynesfield, Barbados: abactinal surface. % nat. size. (The 
plates shaded are those preserved in the specimen.) 
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Fig. 3.—The same, ornamentation of Plates. 


1 wnillim. of the plate marked by an asterisk in fig. 1, enlarged 20 diameters. 
The white dots represent matrix filling up depressions in the plate. 
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nus crassus. In general shape, so far as the fragments of Calymne 
enable any comparison to be instituted, it more resembles Cystechinus. 
The other characters of Calymne, viz. the subanal fasciole and pro- 
nounced caudal beak, are useless for comparison, owing to our ignor- 
ance of the structure of the actinal surface of the fossil. 

Cystechinus crassus differs from the other three species of the 
genus in the greater thickness of the plates of the test. In most 
cases these are of extreme tenuity, and the test must have been very 
flexible. The thickness of those plates of C. crassus that can be 
measured is 15mm. Owing to this flexibility of the tests, shape 
can only be used for specific distinctions within certain narrow . 
limits. In other respects C. crassus differs from C. vesica in that 
in the latter the number of the ambulacral plates is greater than 
that of the interambulacral, and there are differences in the shape of 
the plates. From C. Wyvilli the new species differs in that (1) the 
plates lack the radiating ridges that ornament that species (see, e. g., 
Chall. Rep. vol. i. pl. xxix. b, fig. 9): (2) there are fewer plates 
between the apical system and the ambitus ; they are 7 or 8 in number 
in C. crassus and 10 or 11 in C. Wyvillii: (8) the plates are deeper 
in proportion to their width; thus the plates of the posterior ambu- 
lacra of C. crassus are almost regular hexagons, whereas those of 
the largest specimens of C. Wyvillu are nearly twice as wide as 
deep: (4) the horizontal sutures are less sinuous in this species: (5) 
the ambulacral plates of the same area are more uniform in size and 
more regular in shape; thus in following down the vertical series 
in an ambulacrum of C. Wyvillu, long, somewhat narrow sinuous 
plates may be seen between hexagonal and pentagonal plates. The 
new species is probably most closely allied to C. clypeatus, and 
especially to the variety represented by those specimens found be- 
tween Manilla and Hongkong; these, however, are so fragmentary 
that no precise comparison can be made between them and C. crassus. 
From the type specimen of C. clypeatus, the new species is clearly 
distinguished (1) by the smallness of the apical system, (2) the 
ereater number of the ambulacral plates, (3) the straighter horizontal 
margins of the plates. If therefore the Philippine fragments belong 
to the same species as the fossil from Barbados they must be removed 
from C. clypeatus. It is quite possible that the closer affinity of the 
Manilla and Barbados specimens is only a superficial resemblance due 
to the fact that they are both from a less depth than the others ; 
the discovery of more perfect specimens of the Philippine species 
might ally it with either species, or prove its distinctness from both. 

Resemblances of the Plates to those of the Palceechinoidca.— When 
comparing this species with its allies, one cannot but be struck by 
the remarkable resemblances between their plates and those of the 
Paleechinoidea, which are especially obvious in this thick-plated 
form. Almost the whole of the Echinoidea intervene between the 
Exocyclic Spatangoidea and the Endocyclic Paleechinoidea, and the 
plates of the only Paleeozoic Exocyclica (Hchinocystis and Paleodiscus) 
are too imperfectly known for useful comparison. Nevertheless the 
similarity in the structure of the test is most surprising. In both 
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the tests are flexible, composed of hexagonal plates, provided with 
apetaloid ambulacra, with a single pore in each plate of the ambu- 
lucra, and an epistroma of minute granulation with small sparsely 
scattered tubercles exactly like those of some of the Perischoechinide, 
such as Palechinus. This is not the time to discuss the meaning of 
these resemblances, but they are too striking to be wholly ignored. 


As Cystechinus crassus adds but little to our knowledge of the 
morphology of the genus, the chief interest of the specimen depends 
on the place of its occurrence and on the light it throws upon the 
age and origin of the classical Radiolarian deposits of Barbados 
and some questions connected therewith. 

The Island of Barbados is composed of three distinct sets of beds— 
the Scotland formation ; the Radiolarian deposits ; and the Coralline 
limestone. The term Scotland formation was applied by Sir R. 
Schomburgk * to the beds in the island below the Coralline lime- 
stone, and including the Radiolarian deposits ; but as we are informed 
by Mr. Jukes-Browne and Prof. Harrison} that they will shortly be 
able to prove that the latter are quite distinct and overlie the other 
unconformably, the term may be restricted to the lower beds. As 
such it would include a group of strata which Sir R. Schomburek 
describes t as composed ‘‘of siliceous sandstone, intermixed with 
ferruginous matter, calcareous sandstones, siliceous limestones, dif- 
ferent kinds of clay, selenite, and earthy marls, frequently containing 
fragments of pumice, strata of volcanic ashes, seams of bitumen, and 
springs of petroleum (Barbados tar).” The rocks of this formation 
appear to form the whole substructure of the island, though they 
only appear through the capping of coral limestone over one seventh 
of the total area. Their age has, unfortunately, never been conclu- 
sively settled. Three new species were found in these beds by Sir 
R. Schomburgk and described by Forbes § ; the species were as fol- 
lows :— 

(1) Scalaria Khrenbergi, Fbs., found in the siliceous limestone of 
Bissex hill. ‘Though Forbes remarked the close resemblance of this 
specimen to the S. crassilabrum, Sow., of the Philippines and Central 
America, he considered it as probably of Miocene age. 

(2) Nucula Packert, Fbs. Allied to some tropical, subtropical, 
and Crag forms. 

(3) Nucula Schomburgki, Fbs. A species attributed to a small 
section of the genus, which ranges from the Cretaceous upwards, 
but of which the nearest ally is probably Nucula Cobboldie of the 
Crag. 

So far as Iam aware this is the only direct paleontological evidence, 
except for the Radiolaria, as to the age of the beds, and it was upon 
this that Forbes based his suggestion that they were Miocene ||. 

* Sir Rob. H. Schomburgk, ‘The History of Barbadoes’ (London, 1847), 

. O04. 
. t J. B. Harrison and A. J. Jukes-Browne, “ Origin of the Radiolarian 
Harth of Barbadoes,” Nature, vol. xxxix. 14th Feb. 1889, p. 367. 
¢ Schomburek, op. cit. p. 534. § Schomburgk, op. cit. pp. 565-7. 
|| Schomburgk, op. e2¢. pp. 556-565, 566. 
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In the case of at least the two Nucule the evidence would be quite as 
strong in support of their Pliocene age. Mr. Jukes-Browne and 
Prof. Harrison do not definitely accept Forbes’s conclusion, and only 
speak * of the beds as early Tertiary ; but the evidence of the two 
species of Wucula, whatever it is worth, would make the beds later 
rather than earlier. 

The Radiolarian deposits include a somewhat variable series 
of marls, chalk, and ooze, which sometimes amounts to about 
2000 feet in thickness. They occur in many parts of the island, 
and rise at Hillaby Mt. to a height of about 1145 feet. According 
to Sir R. Schomburgk they are interstratified between beds of the 
Scotland formation and are accordingly of the same age, a conclusion 
hitherto almost universally accepted. We now learn, however, from 
the letters of Mr. Jukes-Browne and Prof. Harrison already quoted, 
that the formations are quite distinct, and that the Radiolarian de- 
posits rest unconformably on the Scotland rocks, between the latter 
and the Coralline limestone. 

The Coralline limestone is the most recent of the three divisions, 
and extends over nearly six sevenths of the island, though it appar- 
ently does not exceed from 150 to 200 feet in thickness ; the lime- 
stone contains a good many shells, Echinoderm spines, &c., of which 
Schomburgk publishes f a list of 59 species; there is also a collection 
in the Society’s Museum ; the fossils are all of living species, and there 
can be no doubt of the Pleistocene age of the rock. 

The specimen of Oystechinus crassus was obtained on the Haynes- 
field Estate, at a depth of 166 feet below the surface. ‘The estate is 
situated on the Coralline limestone, and the house 1s at an elevation 
of 707 feet above the sea. The Coralline limestone in this part of 
the island is from 150 to 200 feet in thickness, and the wells, Mr. 
Jukes-Browne informs me, rarely penetrate through the limestone, 
as they usually find water near its base. The fossil may, however, 
have been derived from a well deeper than usual, or from a boring, 
and thus have been obtained from the underlying Radiolarian marl. 
That it did come from the Radiolarian marl, is clearly proved by the 
matrix; and though it is very unlike the white Barbados chalk, 
which is the commonest variety in collections, it agrees very closely 
with a specimen in the Society’s Museum (Barbados coll. MS. No. 12). 
By washing the matrix an abundance of Radiolaria of the typical 
form of the deposits can be obtained, though not so perfect as those 
from the white chalk; this suggested the possibility of the rock 
being composed of materials accumulated by denudation of the Radio- 
larian ooze, and thus being of the age of the Coralline limestone. A 
couple of thin sections have been prepared to test this point, and they 
quite set the question at rest; there is no trace of any coral matter, 
and the clay is seen to be charged with Radiolarian tests, spicules 
and fragments, spicules of Actinolithus, Geodites, &c., scattered 
through a fine argillaceous matrix. Dr. Hinde has kindly examined 

* A. J. Jukes-Browne and J. B. Harrison, ‘“‘ Tertiary Chalk in Barbados,” 


Nature, vol. xxxix. 25th April, 1889, p. 607. 
t Schomburgk, op. cit. pp. 562-5. 
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the slides and fully endorses the view that the rock belongs to the 
Radiolarian deposits, while he has further shown me some slides of 
the Barbados Radiolarian earth in his own collection, which prove 
their identity. 

The fossil having therefore come from the Radiolarian deposits, it 
is necessary for the purpose of this paper to consider the evidence 
for the age of the beds, and to see what light this fossil throws upon 
the question. It may be taken that the Radiolarian deposits are of 
later date than and not interstratified with the Scotland formation, 
and the age is therefore between that of the latter and that of the 
Coral limestone. No definite answer can be given as to the age of 
the Scotland formation ; the evidence of the three species of Mollusca 
is certainly inadequate to prove their supposed Miocene age, especially 
as the species are admittedly close allies of Pliocene forms. With 
the Radiolaria the case is no better, as the writers on this group 
(Butschli *, von Zittel +, and others) have accepted Schomburgk’s and 
Forbes’s opinion, and as both the premisses of this are disputed, it is 
hardly safe to accept the conclusion. Ehrenberg, when abandoning ¢ 
his old view of the Mesozoic age of the Radiolarian deposits in 
deference to Forbes’s opinion, referred to the difficulty of separating 
the lower Tertiary beds from the Chalk, although he thought this 
would be accomplished by further microscopical research. He thus 
showed that he recognized that the two sets of deposits were quite 
distinct. 

Hackel has, however, instituted a comparison between the Radio- 
larian fauna of the Barbadian deposits and that of the recent seas, 
and finding that only about 25 per cent. are common to the two, has 
supported the Miocene age with a more weighty argument §. But 
neither is this at all conclusive; the living Radiolaria have hardly 
been sufficiently well worked to enable any such proportion to be 
of the value that would belong to one of the better-known groups, 
and a closer search would doubtless considerably increase the number 
of forms common to the faunas. The value of the species of Radio- 
laria is very doubtful, and, moreover, Radiolaria are probably of no 
more value than Foraminifera in the correlation of deposits. 
Kchinoids, on the other hand, have always been regarded as of special 
value as time guides, and the evidence of one Echinoid is worth that 
of many Radiolaria. Cystechinus crassus is unquestionably closely 
allied to the living species of the same genus, and although deep-sea 
forms may be very conservative, it certainly seems to show that the 
beds are of comparatively recent date, either Pliocene or Pleistocene. 


* QO. Butschli, “‘ Protozoa,” Bronn’s Klassen und Ordnungen des Thierreichs, 
Bd. i. 1882, pp. 476-8. 

Tt K. von Zittel, Palaozoologie, Bd. i. (Miinchen, 1879), p. 118. 

¢ Ehrenberg, “ Fortzetzung der mikrogeologischen Studien als Gesammt- 
Uebersicht der mikroskopischen Palaontologie gleichartig analysirter Gebirgs- 
arten der Erde, mit specieller Riicksicht auf den Polycystinen-Mergel von Barba- 
dos,” Abh. d. k. Akad. Wissensch. Berlin, 1875 (1876), p. 114. 

§ E. Hackel, *‘ Report on the Radiolaria collected by H.M.S. ‘Challenger ’ 
during the years 1873-6,” ‘ Challenger’ Reports, Zool. vol. xviii. pt. 1 (cndon, 
1887), p. clxxv. 
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Its occurrence below the base of the Coral limestone is, moreover, 
quite in harmony with this view. The evidence of the Mollusca of 
the Coral limestone shows that this rock is of Pleistocene age; if 
therefore we accept the conclusion* of Mr. Jukes-Browne and Prof. 
Harrison that the deposit is part of a raised ocean-bed, then it is 
not improbable that the higher beds of the Radiolarian series did not 
much precede the foundation of the coral-reefs that grew over them 
on their elevation into a shallow sea. 

But in addition to the question of age, Cystechinus crassus throws 
considerable light upon the origin of the Radiolarian. deposits and 
the depth at which they were formed. Messrs. Jukes-Browne and 
Harrison have recently adduced the Radiolarian beds as an instance 
of the elevation of deep-sea deposits above the sea, in reply to the 
statement of the advocates of the permanence of oceans and conti- 
nents that such has never occurred. This Radiolarian ooze, according 
to the authors named ‘, gives evidence of a complete interchange of 
continental and oceanic conditions in Tertiary times; for the un- 
derlying sandstones and shales imply the close proximity of a con- 
tinent during their formation, while the chalky series proves the 
subsequent conversion of this sea into an oceanic area. Hackel, 
moreover, says ¢ that the Barbadian deposits are to be regarded as 
pure Radiolarian ooze in the fossil condition, and limits the term 
Radiolarian ooze to the deposits formed at great depths; and he 
further points out § that the fossil Radiolaria of Barbados are most 
nearly allied to those of the most abyssal fauna, in which conclu- 
sion he is supported by the observations of Dr. Teuscher |]. 

The discovery of a species of Cystechinus in these deposits is 
therefore of interest as confirmatory of these opinions: Cystechinus 
is one of the most typical of deep-sea Echinoids ; thus, for example, 
Neumayr quotes it with a few other genera as never found above the 
1000-fathom line. ‘The case would have been quite as strong had the 
species belonged to Calymne, as at first thought, rather than Cyst- 
echinus, as the former genus has only been found at a depth of 2650 — 
fathoms. Prof. A. Agassiz attributes 4] to Calymne a range of 620- 
2650 fathoms; but this is probably a misprint, as it was only once 
met with, and the locality, it may be mentioned, was not Fayal in 
the Azores, as stated throughout the ‘ Challenger’ Echinoid Report, 
but at Station 53,on the voyage between Halifax and Bermuda. 
Sir Wyville Thomson, who founded the genus and species, has fully 
described the discovery of the specimens **, and his account 1s con- 
firmed in the official narrative of the expedition tr. 


* Jukes-Browne and Harrison, op. cit. p. 367. 

+ Jukes-Browne and Harrison, op. cit. p. 607. 

+ E. Hackel, op. cit. pp. clvi, cl vii. 

§ HE. Hackel, ‘“‘ Entwurf eines Radiolarien-Systems auf Grund von Studien 
der Challenger-Radiolarien,” Jena, Zeitschr. f. Naturwiss. xv. 1881, p. 422. 

|| HE. Hackel, Chall. Rep. vol. xviii. pt. 1, p. clxxv. 

4 A. Agassiz, op. cit. p. 218. 

** ‘Wyv. Thomson, op. cit. p. 206. 

tt ‘‘Report on the Scientific Results of the Voyage of H.M.S. ‘ Challenger’ 
during the years 1873-6.” Narrative, vol. i. pt. i. (London, 1885), p. 161. 
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But as the depths assigned to Cystechinus rest solely on the records 
of the ‘ Challenger,’ and as the depths given by this éXpedition have 
been seriously questioned, it becomes necessary to consider how far de- 
pendence can be placed upon them. In the preface to the narrative 
of the ‘ Challenger’ expedition the following statement is made*:— 
“With respect to the depths assigned to the zoological specimens, it 
may be well to state that the naturalists of the expedition have 
simply recorded the greatest depth to which the dredge or trawl was 
believed to have descended at each station. I[t will be evident that 
the instrument may have been occasionally dragged into slightly 
deeper or shallower water than was recorded by the sounding-line, 
and, what is of greater consequence, the trawl or dredge may have 
caught animals while sinking through the water or being hauled up 
again. In the great majority of cases there is little difficulty in 
deciding which animals were dredged from the bottom and which 
were caught by the instrument in surface or subsurface waters. 
With some fish, Crustaceans, Medusze, and other groups, however, 
there is considerable difficulty ; in these cases the organization is often 
a guide, and the specialist who has made a careful study of the group 
to which the species belongs is best able to form an opinion as to 
the depth at which the specimens were probably captured. These 
circumstances should therefore always be borne in mind when the 
depths at which animals have lived are being discussed, and only 
after careful consideration should it be inferred that they were 
procured at the depths assigned to them in the lists.” This warning 
has been repeated * equally emphatically in a review in the ‘ Athe- 
neum,’ which contains strong internal evidence of the authorship of 
Prof. Moseley ; the validity of the conclusions based by Mr. J.J. 
Quelch on the recorded depths of some reef-corals from below the 
50-fathom line is absolutely denied, as in the cases in question 
“ the dredge ranged while down from 30 fathoms or 1 fathom or 10 
fathoms to greater depths, but there is no proof at all that it did not 
pick up the corals at the least depth encountered.” But with 
Kchinoids, and especially with edentulate Spatangoids, which must 
have lived on or burrowing through the ooze, there can be no doubt 
that they were derived from the bottom, though the pumice, palm 
fruits, leaves, &c. associated with them at Station 205 were probably 
picked up near the surface. Very few particulars, however, have 
been given by the ‘Challenger’ reporters as to the range of depth 
crossed during the day’s run ; but had this been serious it could hardly 
have escaped notice. The only case in which any serious discrep- 
ancy might have occurred is that off the Philippine Islands; and it is 
not likely there, as the dredge was dropped in 1050 fathoms, and 
the depth hed increased to 2100 fathoms at the next Station. 

Cystechinus crassus was probably an inhabitant of a less depth 
than either of the previously described species of the genus, as is 
indicated by the greater thickness of the plates of the test. Lovén 


A lbid. vol 1 pt: 1. pp. Xi, xil. 
Tt Atheneum, No. 3116, July 16, 1887, p. 87. 
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has, however, shown * that the abyssal genera of the present day, 
such as Argopatagus, Palcotropus, Urechinus, Cystechinus, and 
Calymne, are apetalous, while the littoral genera of the Clypeastro- 
idea and Petalosticha usually have petaloid ambulacra, and that, 
moreover, the same peculiarity may be noticed within the limits of a 
single genus ; thus in Schizaster the deep-sea species are less petaloid 
than the littoral. This feature Lovén attributes to the nature of 
the gases of the abyssal waters. Cystechinus crassus is apetalous, 
and as we might have expected some variation in this point in the 
ambulacra had the species been a shallow-water form, we may 
fairly conclude that it was a dweller in the deep seas. 

The imperfect preservation of this, the only fossil specimen of its 
family, is to be deplored, the more so since their abyssal habitat is 
as unfavourable to their being found by the paleontologist as the 
fragility of the test in recent species is to their preservation by the 
zoologist. A more thorough search in the Radiolarian deposits of 
Barbados may, however, bring to light further material. Never- 
theless the foregoing description, despite its imevitable imperfection, 
appears justified not only by the intrinsic interest of the genus, nor 
merely by the unique position of the specimen as the sole extinct 
representative ofits group, but by the evidence of this fossil as to the 
age and origin of the Barbadian deposits—an evidence which, as 
herein suggested, is not without its bearing on some broader ques- 
tions of geological speculation. 


Discussion. 


The Cuatrman (Prof. J. W. Judd) congratulated the Author on 
the very clear way in which he had laid his facts and inferences 
before the Society. 

He considered that if it could be demonstrated that these deposits 
were so late as the Author supposed, and that the material was 
actually laid down in such deep seas, it afforded strong proofs of 
striking movements in comparatively recent times. 

The AurHor stated that these Barbados rocks were much con- 
torted, showing that differential movements had taken place in 
comparatively modern times. 


* §. Lovén, “ On Pourtalesia, a Genus of Echinoidea,” Kongl. Svenska Vetensk. 
Akad. Handl. new ser. xix. No. 7, 1883, p. 95. 
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41. The Descent of Sonnrnra and Hammatoceras. By 8. 8. 
Buckman, F.G.S. (Read June 19, 1889.) 


[Puate XXITI.| 


Parr I.—Sonninia. 


Tur genus Sonnena was founded by Bayle* to take the place of 
his Waagenia, a name which had been just previously used; and 
the type species was the same, Sonmnza (non Waagenia) propin- 
quans ~, Bayle. 

The species which are closely allied to Sonninia propimquans are 
Sonninia Sowerbyi (Miller), Sonn. Browni (Sowerby), Sonn. adicra 
(Waagen), Sonn. mesacantha (Waagen), Sonn. fissitobata (Waag.), 
and, with the exception of the last, which was referred to Amaltheus ¢, 
these species were located by Waagen in his genus Harpoceras. In 
this he was followed by Wright and many other authors; but Neu- 
mayr § relegated them, or most of them, to Hyatt’s genus Hamma- 
toceras, and has been followed herein by Zittel|| and others. Haug 4 
makes two divisions of these species:—Ilst, Gruppe des Hamm. 
Sowerbyz; 2nd, Gruppe des Hamm. Ogerient (Sonminia, Bayle) ; 
and his opinion is that the Inferior-Oolite species, Anum. propin- 
quans, Amm. patella, &c., are the direct descendants of the Liassic 
species, Amm. Ogerient, Amm. navis, &c. 

Thus far the history of the species embraced by the genus Son- 
ninia. My present object is to show their probable descent, and by 
that means their correct relationship in a genealogical sense to 
various genera. 

The supposition that Sonninia propinquans was descended from 
Haugia Ogerient takes no account of such a species as Sonninia 
acanthodes, n. sp. Whence has S. acanthodes derived its ventral 
furrows ? and how, unless we suppose a case of atavism, has it 
acquired its circular (changing to quadrate) evolute whorls? and, 
instead of being almost smooth as we should expect the next de- 
scendant of Haugia Ogerient to be, how has it acquired its large 
spines and coarse ribs? At the same time its suture-line is more 
highly ornamented than that of Haugia Ogerient, which, had it been 
a case of atavism, would, I fancy, hardly be the case. It may, 
however, be urged that if the quadrate-whorled evolute S. acan- 


* Bull. Soc. Géol. France, sér. 3, vol. vii. p. 92 (1878-79). 

t+ Explic. Carte géol. France; Explan. of plate lxxxiv. 

t “Die Formenreihe Amm. subradiatus,” Geogn. Pal. Beitrage, Bd. ii. Heft 
il. p. 248, footnote. 

§ “ Ueber unvermittelt auftretende Cephalopoden-typen,” Jahrbuch k. k. 
geol. Reichsanstalt, Bd. xxviii. 1878. 

|| Handbuch der Palaontologie, “‘ Cephalopoden,” p. 461. 

€| “ Beitr. Monogr. Harp.,” Neues Jahrbuch fiir Mineral. &c., Beil.-Bd. iii, 
p. 654 et seg. 
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thodes has not sprung. from the compressed involute Haugia 
Ogerient, yet that the same parent produced both forms. 

At first sight this is probable, and would account for the ventral 
furrows of Sonninia ; but then the peculiar inner whorls of Sonninia, 
with their flat, broad, ventral area, and coronet of spines, ought to 
bear some resemblance to the inner whorls of Haugia Ogerient, but 
they do not bear the slightest. The inner whorls of Haugia 
Ogervent are smooth; while the knobs—not spines—which appear, 
rise on the inner margin, and ribs proceed from them across a rather 
flat lateral area. 

The supposition that Sonninia propinquans and S. Sowerby are 
descended from Hammatoceras is founded on the peculiar resem- 
blance between Sonninra Sowerby: and Hammatoceras subinsigne. 
Looking at the matter from a chronological point of view, the 
descent: of Sonnima from Hammatoceras is very suggestive. The 
latter dies out in the Concavwm-zone—that is, just at the time when 
the former first appears; but here, again, Mounnece acanthodes and 
the species like it are stumbling-blocks. 

Practically speaking, I have not found any sign of a similar 
sulcated ventral area among the young or adults of Hammatoceras. 
Another small, but none the less important, point is that the ribs of 
Sonninia have a prominent forward sweep on the ventral area; but 
the ribs of Hammatoceras meet the carina almost at right angles— 
in fact they generally appear as if the carina had cut cleanly through 
them. However, the chief point is the suture-line. The character- 
istics of the suture-line of Hammatoceras (Pl. XXIT. figs. 16-20) 
are the narrowness and depth of the siphonal saddle, and the oblique 
direction of the inner lobes. If Soniinza were descended from Ham- 
matoceras it ought to show some of these characters, or some change 
from them which could be explained ; but it shows (figs. 6-10) a 
shallower and broader siphonal saddle, and its inner lobes are less 
developed and more nearly in a straight line with the others. We 
might reasonably expect to find a suture-line with straighter inner 
lobes in Hammatocerata which had acquired, like H. amaltheiforme 
(Vacek), a wider lateral area, although, as it happens, we do not; 
but Sonninia acanthodes is, practically, less involute than Hamm. 
imsigne, and especially than H. swbhinsigne, and has a narrower 
lateral area in which to accommodate its lobes. What reason is there 
for the suture-line to have so changed from Hamm. subinsigne or 
Sieboldi to Sonninia Sowerbyi, while the outward shape has changed 
so little ? 

If, however, we tarn our attention to the genera Pleuroceras and 
Amaltheus, we shall find ourselves able to trace most of the dis- 
tinctive characters of Sonninza in species of those genera; and we 
shall also be able to discover a definite analogy in the development 
of Sonninia and Amaltheus. Further we shall see a great resem- 
blance between the most developed forms of Sonninia and Amaltheus, 
and between the inner whorls of the less-developed Sonninie and 
the inner whorls of Plewroceras. 

Amaltheus and Pleuroceras are undoubtedly descended from one 
common ancestor. Where that ancestor may be I cannot undertake 
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to say; but the form of the ancestor of these two genera may be 
gathered if we imagine a very considerable enlargement of the inner 
whorls of Amaltheus (fig. 25 is enlarged only about 4 times). 

This specimen may be described as possessed of a simple coronet of 
spines, and, practically, an uncarinate ventral area. Both Pleuro- 
ceras and Amaltheus agree in having similar inner whorls which 
develop as follows :— 

Pleur. spinatum, when broken up, shows the commencement of 
the keel at 2 lines, with a broad ventral area and a coronet of spines 
up to 44 lines; after that a flattened side and indications of a 
second row of spines ; sulcations on each side of a crenulated carina 
not before 11 hnes. 

Pleuroceras hawskerense shows single spines up to a diameter of 
6 lines; after that a second row of spines accompanied by a more 
flattened side. 

Pleur. pseudocostatum shows, when broken up, a ventral area 
without carina, a lateral area with folds or small knobs, and an 
aperture somewhat broad ventrally at 24 lines; the folds or knobs 
developing into ribs with a spine towards the outer end, the faintest 
suspicion of carina, the sides more flattened at 5 lines ; a noticeable 
carina, prominent ribs with a forward ventral sweep at 8 lines; a 
crenulated carina and sulcated ventral area not before 14 lines. 

Amaltheus margaritatus exhibits an uncarinate ventral area and a 
coronet of single spines at 2 lines diameter; while before it reaches 
5 lines the sides are much compressed. 

We see from the above that a form with uncarinate ventral area 
and a coronet of spines is common to the early stages of Plewroceras 
and Amaltheus. We can trace the development of the various 
branches therefrom as follow :—The Amaltheus-branch, which adds 
first a crenulated carina and a slightly flattened whorl, but retains 
the spines-—such is Amaltheus gloriosus, Hyatt. From this species, 
through Amal. turgidus and Amal. margaritatus to Amal. prestabilis 
on one side, and to Amal. Engelhardti on the other, is an exact course 
of development—the descendants ever inheriting their parents’ cha- 
racteristics at an earlier age *. The tendency of this development 
is to flatten and broaden the whorl, to increase the involution, and 
to supersede the spines. _ 

The Plewroceras-branch must be divided into two :—I1st. The 
Pleur.-pseudocostatum-group, in which the side becomes flattened, 
and produces a rib inside the spine, while the ventral area remains 
uncarinate for a time, and in which the ventral sulcations, after the 
advent of the carina, are never so prominent ; 2nd. The P. hawsker- 


* When I wrote (Monogr. Inf. Ool. Amm., Pal. Soc. 1888) my remarks con- 
cerning the changes observable during the evolution of the Hildoceratidz, and 
showed how these followed, as it were, certain definite rules, I was not acquainted 
with anything Prof. Hyatt had written upon the evolution of other families ; 
and this accounts for my not having made any mention of hiswork. Although 
regretting that I was not previously acquainted with such valuable work, yet I 
cannot but be agreeably pleased to find that my observations upon the mode of 
evolution of the Hildoceratidz agree so exactly with what he has recorded con- 
cerning other families. 
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ense- and P. spimatum-group, in which the carina commences while 
the spines remain single, and in which the spine develops as the 
side flattens, first, into a rib and spine, and, lastly, into a rib and 
two spines. 

It is from the earlier stage of this last group that I imagine the 
Sonninia-branch to have sprung—a stage when the coronet of single 
spines was present, as well as the carina. I imagine that the 
Sonninia-ancestor persisted in the coronet of single spines and even 
exaggerated the character; and then that it added sulci each side 
of the carina in the same manner as Pleuroceras had done ata 
later period of zts life. In fact the Sonninia-branch accompanied 
Pleuroceras until the latter fell away and flattened its side and de- 
veloped its single spine into a rib and two spines. Then the Son- 
ninia-branch remained constant to the old shape, and apparently it 
retained this shape for a long period. Ultimately it narrowed its 
ventral area, decreased the sulcations, flattened its side, and, in old 
age, replaced the large spines by very coarse ribs. It is in this 
state that we first meet with it as Sonninia acanthedes. 

It is extraordinary that we are acquainted with no species of 
Sonninia before the Concavum-zone, consequently my theory con- 
cerning its descent must be entirely derived from a study of the 
inner whorls of Sonnenia acanthodes. I will briefly trace the life- 
history of a specimen as shown by its inner whorls :— 

1. Diameter 2 line. A smooth, globose, rather involute, thick 
shell, in form not unlike Nannites fugax (Zittel, ‘Handbuch Paliont,’ 
‘“‘Ceph.” p. 446), but with a larger umbilicus (fig. 22; compare also 
fig. 24). Suture simple, Goniatite style (fig. 6). 

2. Diameter 1 line. Ventral area arched, with carina and two 
small sulci ; coronet of spines first commencing (fig. 23, a, b). 

3. Diameter 2 lines. Ventral area more flattened. with carina 
and two sulci (fig. 23, ¢). 

4, Diameter 44 lines. Ventral area becoming more arched, sulci 
present, but not so conspicuous proportionally * ; carina hollow ; 
ribs with forward inclination from spines towards sulci. 

The first three of the above correspond in every way with the 
changes observable in the inner whorls of Plewroceras spimatum, &e. 
Number 4 corresponds practically in most respects, but differs in 
the decrease of the sulci, while the spines have become more 
prominent. 

The annexed Table (p. 655) is intended to represent the manner in 
which Sonninia is related to Plewroceras and Amaltheus, in accordance 
with these developments. 

The most remarkable point in the Table is the absence of all species 
from the Falaferwm- to the Murchisone-zone, and yet that we 
should find in the Concavum-zone an undoubted Pleuroceras. In the 


* In the adult Sonninia acanthodes these sulci are almost obsolete. Still the 
rudimentary sulci are very important, because they are marks of descent from 
a suleate ancestor. They are persistent in the adults of all the less-developed 
Sonninte—those with broad ventral area; but are absent in the more highly- 
developed forms, Sonn. Sowerbyi, propinguans, &e. 
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face of this fact the absence of links between Sonninia and Pleuro- 
ceras cannot be used as an argument against the connexion of the 
latter with the former. If we now trace the further development 
of Sonninia, we shall see that it follows the same lines which had 
been followed by -Amaliheus, from Amal. gloriosus to Amal. 
prestabilis. It is true that we shall not find the crenulated carina ; 
but I cannot regard the absence of this as disproving the descent of 
Sonninia and Pleuroceras from a common ancestor. We shall, how- 
ever, find that, as in Amaliheus, the spines are displaced by ribs, at 
first irregularly, and afterwards altogether; that the ribs become 
gradually less prominent, and finally give place to smoothness ; that 
the whorl becomes broader, the involution greater, the ventral area 
thinner, until, instead of the spinous, quadrangular-whorled, evolute 
Sonninia acanthodes, we have the smooth, flat, disciform species 
misnamed Sonn. corrugata*. 

Accompanying these changes we see a development of the suture- 
line in the matter of complexity ; in fact, we see the same develop- 
ment as that which occurred from the sutures of young Pleuroceras 
—and possibly younger Amaltheus—to those of the adult Amaltheus 
margaritatus. The accompanying Plate (Pl. X X11.) will illustrate 
this matter. 

Fig. 6 shows the suture-line of a very young Sonninia; it re- 
sembles a Goniatite-suture. Fig. 7 depicts the suture of Sonninia 
when somewhat older, and shows the resemblance to fig. 1, the 
suture of Pleur. pseudocostatum. Figs. 8, 9 show the great change 
which has taken place to develop that simple suture into such a com- 
plex one, which is, however, inits turn comparable with fig. 4 (half- 
grown Amal. margaritatus). Fig. 10 is the suture of a halfgrown 
Sonninia corrugata—it is fig. 9 developed and pressed into a smaller 
space. In complexity it has passed far beyond fig. 4, and is com- 
parable only with the adult Amal. margaritatus, fig.5. The sole 
difference between the two is that the lateral lobes of fig. 10 are 
lower than in fig. 5; but this is caused by the extra length of the 
siphonal lobe in fig. 5. Now in Amal. margaritatus the ventral 
area is practically non-existent, and the two branches of the 
siphonal lobe have been converted into lateral lobes. As soon as 
that takes place we get an increase in the size of these branches 
because they have to support, not an arched ventral area, but a 
compressed, flattened side. 

This resemblance of the sutures of Amaltheus and Sonninia is 
most extraordinary, and only to be explained if we surmise that the 
genera are descended from a common ancestor, and that while one 
branch, Amaliheus, accelerated its development, the other delayed 
that process until a much later period. 

The supposition that Sonninia is descended from Hammatoceras 
or from Haugia leaves this extraordinary resemblance quite unac- 
counted for. Figs. 16-20 show the suture-line of Hammatoceras, 


* Another remarkable feature furnishing a piece of strong evidence is the 
appearance, occasionally, of the spiral lines and also something like the wrinkle- 
layer of Amaltheus in certain species of the Sonninia-branch. 


* 
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and the deep siphonal lobe and the obliquely directed inner lobes 
are constant features not found in anything like this degree in 
Sonmma. Fig. 17 shows how early these characteristics are pro- 
duced and how this suture-line differs from fig.7. These characters 
are found in the genera Deroceras, Stephanocer as, Spheroceras, &e., 
showing to what a mmericen as 1s related *, 

Figs. 13-15 show the sutures of Haugia. The lobes are much 
broader-stemmed, and do not exhibit the peculiar cruciform arrange- 
ment of the trifurcations seen in the lateral lobe of Sonnima, while 
the auxiliary lobes are different. 

Ii the inner whorls of a highly developed Sonninia, whose 
ancestry we do know, were to indicate the changes which have taken 
place, it would be a strong argument in favour of the correctness of 
the surmises which we have drawn from the inner whorls of Sonn. 
acanthodes. 'This is exactly what we find to be the case. The inner 
whorls of Sonn. corrugata, Sow. (Amm. patella, Waagen), are, in 
miniature, Sonn. propinquans, Bayle; the inner whorls of the latter 
are, in miniature, Sonninia subtrigonata, n. sp.; while the inner 
whorls of this are, in miniature, Sonninia acanthodes. ‘The first 
two species occur in the Sauzei-zone, the two latter in the next 
zone below, the Concavum-zone. 

In considering the development of the smooth Amal. preestabilis 
from the spinous Amal. gloriosus, and the smooth Sonn. corrugata 
from the spinous Sonn. acanthodes, we may, I think, assume that the 
gradual extinction of spines and ribs is not wholly due to advancing 
decrepitude. Some, if not a very large, allowance must be made for 
the increase in the complexity of the. suture- line; and I fancy it 1s 
not too much to say that the failure of inane ornaments is In a 
great measure due to this increase in the complexity of the suture- 
line—it being a matter of compensation; while the increase in the 
suture-complications is necessitated by the change of whorl-shape 
—from evolution to involution, and from arched to flattened sides. 

The thin, compressed, highly -developed Amaltheus died out as 
soon almost as it appeared ; the evolute Sonninza-ancestor with its 
large whorls lived to produce descendants in the Concavum- and 
Sauzei-zones ; while Pleuroceras, which we may regard as somewhat 
intermediate between the two in point of development—though more 
like Sonnenia—also produced a descendant in the Concavum-zone. 

This was Pleuroceras subspinatum, Buckm.t, the descendant of 
Pleur. hawskerense. It has changed very little. Its whorls are 
still quadrangular and are a trifle more compressed, but, singularly 
enough, without more inclusion; the ribs are smaller and more 
numerous, the spines are therefore necessarily smaller; the sul- 
cations of the ventral area are still prominent; but the crenulations 
of the carina are almost entirely obsolete—they can just be seen with 
a glass in some cases; the suture-line (fig. 3) agrees in the general 


* Of the species now placed in the genus Hrycites some have been referred to 
Stephanoceras and some to Hammatoceras. The suture-line (fig. 21) shows the 
characters of Hammatoceras, but differs in the smallness of the siphonal lobe, the 
functions of which have been usurped by the superior lateral lobe. 

Tt Proc. Dorset Club, vol. iv. pl. ii. (1883). 
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disposition and proportion of the lobes and saddles, while differing 
only in minor points; the same deep superior lateral saddle is notice- 
able in both species (figs. 2 & 3). 

Another genus, an offspring of the Sonninia-ancestor, may be 
recognized in Witchellia. It bears marks of its descent, especially 
in the deeply furrowed ventral area—furrowed, that is, when the 
test is absent. It also shows its descent and its relationship to 
Sonnima by the occasional production of sharp spines on the inner 
whorls. However, specimens which show these spines are certainly 
rare*, The appearance of spines must be regarded as a case of re- 
version, and since it is not accompanied by any other difference from 
the normal form, the feature cannot be considered even of specific 
value. Another point in which Witchellia indicates its descent 
is by the long ventral projection of the ribs—a character seen in 
Amaltheus and Pleuroceras, though not so conspicuous in Sonnenia. 
The suture-line may be described as a Sonninia-suture-line with 
broad-stemmed lobes, or as a Pleuroceras-suture-line which has 
acquired auxiliary lobes and more ornamentation in accordance with 
an expanded side. (Figs. 11, 12.) 

A consideration of the suture-line and the presence of small spines 
leads me to the conclusion that Wetchellia parted from the Sonninia- 
parent-stem before the birth of the Sonninia-acanthodes-form. 

The least developed species of Wetchellia is undoubtedly the 
evolute W. Sutneri (Branco). By various intermediate—undescribed 
—species, each acquiring a smaller umbilicus, a broader whorl, and 
losing their ribs earlier in life, it is connected with or develops into 
Witchellia leviuscula (Sowerby). One of the intermediate species 
attains 11 inches in diameter; but W. leviuscula decreases to 43 
inches, and sometimes loses its ribs at one inch. A further mutation 
of W. leviuscula loses the distinctive ventral furrows when adult. 


CoNnCLUSIONS. 


1. The genus Sonninia and other cognate genera are correctly 
separated from the Hildoceratide, 7. ¢. the descendants of Arietites, 
and also from Hammatoceras and its allies, 2.¢. descendants of 
Deroceras. 

2. The genus Sonninia and other cognate genera can be either 
included directly in the Family Amaltheide, or can be classed in a 
subfamily thereof. 


Descriptions of New Species. 


SONNINIA ACANHTODES, n. sp. (Pl. XXII. figs. 6, 7, 22, 23.) 


Discoidal, evolute, hollow-carinate. Whorls circular, ornamented 
with arcuate ribs projected ventrally, and with large spines 
on the middle of the lateral area at irregular intervals. Ventral 
area not defined; carina hollow, not very prominent, on the core 


* Tt has come to pass that the spinous stage is omitted on account of the 
early inheritance of later stages. Omissions of this kind have been frequently 
noted by Prof. Hyatt. 
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almost obsolete but bordered by two rudimentary sulci. Inner mar- 
gin not defined. Inclusion barely one fourth, leaving a space between 
the spines and the succeeding whorl. 

The above description applies more particularly to immature 
specimens. When full-grown the whorls become subquadrate, the 
ventral area is flatter and better defined, the inner margin is flat, 
and the lateral spines give place to very coarse ribs. 

The size and persistence of spines which are not in contact with 
the succeeding whorl, and the inner margin not defined until late in 
life, are the characteristics of this species. The strong spines suffi- 
ciently separate it from Sonn. polyacantha (Waagen), which is 
probably its direct descendant. 

It occurs in the Concavum-zone at Bradford Abbas, Dorset, and 
reaches a diameter of nine inches. 


SONNINIA SUBTRIGONATA, N. Sp. 


Discoidal, somewhat compressed, hollow-carinate. Whorls at two 
inches diameter almost circular, ornamented with arcuate ribs, which 
are directed somewhat backwards, and then have a pronounced 
forward sweep on the ventral area; on the middle of the lateral area 
are coarse, irregular spines. After a diameter of two inches, the 
whorls are more triangular in shape and drawn out ventrally, the 
ribs are more prominent, and large irregular bosses appear on the 
edge of the inner margin; from these bosses or from between them the 
ribs spring. Ventral area not defined. Carina hollow and promi- 
nent, on the core nearly obsolete, and, up to a diameter of two inches, 
bordered by rudimentary furrows. Inner margin not actually 
defined. Inclusion about two fifths—the spines being touched by 
the succeeding whorl. 

This species is somewhat like Quenstedt’s Amm. Sowerbyt trigon- 
atus (Schwibischen Jura, pl. lxi. f. 14); but it has more spines on 
the inner whorls, is more coarsely ornamented, has its ribs directed 
more backwards, has a less triangular aperture and a much larger 
carina. The greater thickness, coarser ribs, bosses on inner area 
instead of median spines, and more triangular shape separate it from 
Sonn. Sowerby. 

The inner whorls of this species are practically a somewhat in- 
cluded Sonn. acanthodes in miniature. 

The specimen is from Sherborne, probably from the Concavum- 
zone. 


Parr I1.—Hammatoceras. 


The descent of Hammatoceras involves the supposition of an actual 
reversion in the matter of ornament and in the size of the umbilicus. 
That Hamm. imsigne is descended from Deroceras armatum seems 
to be very probable, not only on account of the similarity of 
suture-line, but also because of the similarity of ornament. Quen- 
stedt allows us to form some idea of the manner in which Dero- 
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ceras armatum passed into Hamm. insigne. His figures of Amm. 
armatus nodofissus (Amm. Schwabischen Jura, pl. xxvi. figs. 8-13) 
give us an important clue—the spines or knobs have crept very 
near to the inner margin, and the form is becoming involute. 

If we imagine this form to have proceeded one step further in 
development in the ordinary way, it would have become more 
involute, and the spines or knobs would have disappeared. The 
young of Hazam. msigne are thick, involute, and have no knobs on 
the inner margin. Nowcomes the reversion. Instead of continuing 
to become more involute, the young Hamm. msigne grows a wider 
umbilicus, and at the same time reassumes the spines or knobs 
upon the inner margin. But the greater umbilical width is not 
accompanied by any increase in the thickness of the whorls, so 
Hamm. insigne increases but little in thickness after the period of 
the change. Both young and old differ from Amm. nodofissus by the 
possession of a small solid carina; my specimens do not allow me 
to say when this commenced. 

We thus have three stages in the development of Hamm. insiqne, 
the armatus-stage, the nodofissus-stage, and the wmszgnis-stage. The 
next development of Hammatoceras may be called the subinsignis- 
stage; and it is noticeable that, in the growth of the subsnsignis-forms, 
the nodofissus-stage—the intermediate or involute stage—is omitted 
altogether, so that we should find no clue to it in the inner whorls*. 
The subinsignis-stage shows a still further reversion—the knobs grow- 
ing into actual spines, and coming more into the middle of the lateral 
area—seen to most advantage in Hamm. dolium, n. sp. From the 
small solid carina of znsignis this stage develops the large trenchant 
hollow-carina; while it foreshadows the next or amalthezforme-stage 
in its broader, more compressed whorls losing their ornaments, and 
this trenchant carina, when adult. 

This last stage is seen to most perfection in Hamm. amplectens, 
n. sp., in which involution has attained its utmost limit—short of a 
closed umbilicus; while the whorl is discoidal, and almost without 
any ornaments when adult. 

Another branch of Hammatoceras developed into Hamm. plan- 
insigne, Vacek ; this into Hamm. tenuinsigne, Vacek ; and this into 
Hamm. climacomphalum (Vacek), with the same result—the pro- 
duction of an involute, discoidal, almost unornamented form. 

In Hamm. amplectens and Hamm. climacomphalum, which are 
the most changed forms of the genus, we see the same discoidal 
shape, with small umbilicus, which appertains to the most developedT 
forms of so many genera, such as Amaltheus prestabilis, Sonninia 
corrugata, Lioceras, Hyperlioceras. The former even bears great 
resemblance to Oppelia subradiata ; while the latter has an extra- 


* Traces of an intermediate stage are often omitted. Thus Jvoceras shows 
no traces of the sulcate ventral area of its Arietan-ancestor. 

+ This term is used somewhat arbitr ‘arily to express the species which have 
gone through the greatest number of cuanges to arrive at their shape, without 
taking into consideration whether the later changes are a decadence or other- 
wise. 
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ordinary resemblance to the species in the zone of which it occurs, 
namely, Lioceras concavum. 

This is what may be called convergence (in outward shape) of the 
ultimate changes—in other words, senile convergence. 


CoNncLUSIONS. 


1. Hammatoceras is remote from Sonninia by descent, in spite 
of outward similarity. 

2. It is descended from Deroceras and is therefore allied to—is a 
cousin of—Stephanoceras. 

3. The inclusion of Hammatoceras, Sonninia, and the Hildo- 
ceratide in one genus Harpoceras, merely because they possessed a 
carina, was most unnatural. 

It may be interesting to note that the following have been identi- 
fied among the species of Hammatoceras which occur in England :— 
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Descriptions of New Species. 


HAMMATOCERAS DOLIUM, n. sp. (Pl. XXII. figs. 17, 18.) 


1886. Hammatoceras subinsigne, Vacek (non Oppel & Dumortier), 
“Qolithe Cap 8. Vigilio,” Abh. k.-k. geol. Reichsanstalt, Bd. xii. 
pl. xiv. figs. 1-4. 

Discoidal, somewhat compressed, hollow-carinate. Whorls ellip- 
tical to subquadrate, ornamented with spines—placed almost upon 
the middle of the whorl—from which coarse ribs proceed, generally 
in triplets, to meet the carina at right angles, and these ribs are, 
practically, persistent up to the carina. ‘The part of the whorl inside 
the spines is smooth, possessing a series of small undulations opposite 
the spines. Ventral area not defined. Carina not large, distinct, 
hollow. Inclusion up to the spines; umbilicus open and ornamented 
with spines almost to the centre. As the species advances towards 
adolescence the spines give place to elongate, coarse, primary ribs, 
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which in turn gradually become less prominent; but the secondary 
ribs continue without alteration to a very late period. 

This species is remarkable for its apparent resemblance to species 
of Sonnenia such as Sonn. adicra and Sonn. Sowerbyt, especially the 
form figured by d’Orbigny (Pal. Franc. pl. 119). In my own col- 
lection a large specimen lay under that name for many years; while 
in the collection of the late Dr. Wright I noticed a specimen of this 
species labelled “ Harp. Sowerbw.” From any specimens of Sonninia 
this species is distinguished by its suture-line (figs. 17, 18), and by its 
ribs meeting the carina at right angles in youth, and with only a 
slight forward sweep when adult. 

There are two forms of this species in my cabinet. 

1. Large coarse spines and elliptical aperture, with acute ventral 
area (the form figured by Vacek). 

2. Spines closer, smaller and more numerous ; in other respects 
similar to 1. In mature age the spines are coarse; but in old 
“age they disappear, while the ventral area is flatter and the whorls 
are more subquadrate in shape. 

To Hammatoceras subinsigne * this species bears very great resem- 
blance ; but it has a wider umbilicus, and has its spines more nearly 
upon the middle of the whorl and persistent until a much later date. 
Looking at these facts I am doubtful if it can be a mutation of Hamm. 
subinsigne, and it seems too thick for a mutation of H. Lorteti 
(Dum.). 

The horizon of this species is the Murchisone-zone. Possibly 
some specimens may have come from the Concavuwm-zone; but the 
evidence is not conclusive. 

Bradford Abbas and Half-way House, Dorset, are the localities 
which have supplied the specimens in my cabinet. 


HaMMATOCERAS AMPLECTENS, nN. Sp. 


Discoidal, compressed, highly involute. Whorls very broad, almost 
smooth, ornamented with short ribs on the outer area, and some faint 
undulations at intervals on theside. Ventral areabarely defined, sloping 
and ribbed, rounded where the test is absent, but otherwise ornamented 
with a small carina, possibly degraded from the hollow type. In- 
clusion covers the whole whorl, except when the body-chamber is 
present, and then the customary recession of the inner margin takes 
place. Umbilicus small and rather deep. Aperture subtriangulart. 

This species is the next descendant from Hamm. amaltheiforme 
(Vacek), of which it is an actual mutation. Hamm. amalthe.forme 
was placed by Vacek in Harpoceras ; but it is a genuine descendant 
of Hamm. insigne, and only differs from other Hammatocerata by com- 


* T take Dumortier’s figures (Etudes pal. Bassin Rhone, iv. pl. liii.) as the 
type, since they are the earliest figures of the species. 

+ The figure of Parkinsonia wurttemburgica given by Bayle (Explic. Carte 
géol. France, pl. lxix. fig. 1 only) represents exactly the sede view of this species. 
Vhis is a remarkable instance of senile convergence. Compare also Amm. Par- 
kinsoni compressus, Quenstedt (Amm. Schwabischen Jura, pl. lxxii. figs. 12 & 15), 
from which our species differs, outwardly, in having a carina on the ventral area 
instead of a smooth space. 
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mencing the senile stage very early in life. Hamm. amplectens com- 
mences it still earlier ; its umbilicus is much more closed, the whole 
form is more compressed than in Hamm. amaltheiforme, and, in fact, 
it more truly deserves that trivial name than the species to which it 


is applied. 


Bradford Abbas and Louse Hill, Dorset, are the localities from which 
my specimens were obtained. ‘The species occurs in the Concavwm- 
zone and is accompanied by Hamm. amalthetforme, Vacek, Hamm. 


clinacomphalum, &c. 


EXPLANATION OF PLATE XXII. 


Fig. 1. Suture-line of a young Plewroceras pseudocostatum, Hyatt, magnified 


2. ” 
3. ”? 
4. » 
5. ee) 
6. >» 
ie ” 
8. » 
9. ss 
10. J 
11. * 
12. rs 
13. 5 
ee °: 
15. 0» 
16. “5 
17. 5 
18. is 
19. . 
20. = 
21. f 


4 times. 

Pleuroceras spinatum (Brug.). 

Pleuroceras subspinatum, S. Buckm. 

Amaltheus margaritatus, half-grown. 

bt adult. 

Sonninia acanthodes, magnified about 4 times. 

thesame, when larger, to compare with fig Il. 
Natural size. 

Sonninia between S. acanthodes and S. adicra adult, 

Sonninia, sp., to compare with fig. 5. 

Sonninia corrugata, Sow., to compare with fig. 5. 

Witchellia leviuscula, Sow., spinous. 

Witchellia, sp. 

Haugia gugosa (Sow.). 

Haugia Dumortieri, 8. Buckm. 

Haugia Eseri (Oppel). 

Hammatoceras imsigne (Schubler). 

young Hammatoceras doliwm, n. sp. 

adult Hamimatoceras dolium. 

Hammatoceras planinsigne, Vacek. 

Hammatoceras, sp. 

Erycites fallax (Benecke), a genus allied to 
Hammatoceras. It shows how the functions of 
the siphonal lobe have been usurped by an inor- 
dinate expansion of the outer portion of the 
superior lateral lobes. This is a characteristic 
of Hrycites. Note the contrary condition in 
fig. 5 (see page 656). 


22. Inner whorls of Sonninia acanthodes, magnified about 12 times. 


23. 
24, é 
25. 


Q.J.G.8. No. 180. 


29 99 99 9) 4 99 
Sonninia acanthodes, showing the commencement 
of the spines and the carina and sulcations. 
Witchellia Sutnert magnified, to compare with 
fig. 22. 
Amaltheus margaritatus, magnified about 4 times. 
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[The fossils referred to are described ; and those of which the names are printed 
in italics are also figured. | 


Acid and basic rocks, relative posi- 
sitions of, in the Western Isles, 199, 
200. 

Actinolite, near Malvern, 491. 

Agate-nodules from the felstones of 
the Lleyn, 257, 259. 

Agglomerates alternating with basaltic 
lava-streams in the Western Isles, 
presence of felsitic fragments in, 
199. 

Aggregation, mineral, at shear-zones 
in the Malvern Hills, 496. 

Alderney, Rev. E. Hill on the rocks 
of, 380. 

and the Casquets, general 
description of, 380; map of, 381. 

Alectryonia ( Ostrea) ungulata, 334. 

Allington, microscopic characters of 
chalk marl from, 411. : 

Mipsemerot TG. . Bonney, on two 
traverses of the crystalline rocks of 
the, 67. 

-, eastern, crystalline rocks of the, 

83, 410 

, microscopic structures in crys- 

talline rocks of the, 100. 

, Upper Schist group of the, pro- 

bable metamorphic origin of the, 

98. 

, western, crystalline rocks of the, 
69, 100. 

Alweolina oblonga, 332. 

Amaltheus, descent of, 652. 

Amaltheus margaritatus, 653. 

Ammonites Astierianus, zone of, at 
Speeton, 585, 586. 

Astierianus, 613. 


Ammonites Gravesianus, 612. 

—— marginatus, 614. 

-— Nisus, 614. 

noricus, 613. 

nucleus, 614. 

rotula, 614. 

speetonensis and vars., 613. 

Ammonites-noricus beds, at Speeton, 
593. 


Ammonites-speetonensis beds, 594. 


_Amygdaloids from old lava-flow, Pen- 


y-chain, 263, 264. 

Analyses of chloritic schists of the 
“'Thonglimmerschiefer” series, 109. 

of micas, 366, 367, 368. 

Analysis of a tachylyte from Carrock 
Fell, 298. 

of eurite from Cader Idris, 435. 

of siliceous chalk marl from 

Chilton, 413, 414. 

of the matrix of the Permian 

breccia of Newhall Park, 22. 

of White-Whin Vein, Victoria 
Park, Whiteinch, 631. 

Andesites of Madagascar, 555. 

Andrarivahy, extinct volcanoes of, 316. 

Ankaratra, lava of, 313. 

Anniversary Address of the President, 
Proc. 37-78. See also Blanford, 
Dr. W. T. 

Annual Report for 1888, Proce. 8. 

Anthomorpha, 135. 

Antholzerthal, crystalline rocks of the, 
85. 

Anticlinal Ridge, Sub-Triassic, of 
older rocks in the Leicestershire 
Coal-field, 32, 34. 

302 
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Archeocyathus, Dr. G. J. Hinde on, 
125. 

and its allies, history of, 126— 

129; mineral nature of, 129. 

ichnuse, 132. 

profundus, 131. 

Archeoscyphia minganensis, 142. 

Argillites in Permian breccias of 
Leicestershire, 24, 25. 

Argillochelys cuneiceps, 236. 

Ash, Kent, flint implements from the 
chalk-plateau at, 285, 288. 

, Devon, Tuff of the Ashprington 
volcanic series at, 373. 

Ashby, Permian rocks at, 10. 

Ashprington volcanic series of South 
Devon, (tlie late) Mr. A. Champer- 
nowne on the, 369. 

volcanic series, rocks of the, 369; 
relations of the, with Devonian 
limestones and slates, 372. 

Assilina spira, 332. 

Astarte (?) Baroni, 336. 

senecta, 616. 

Astarte-beds at Speeton, 587. 

Augite crystal, partially surrounded 
by hornblende, 523. 

in basalts of Madagascar, 347, 
348, 349, 350, 351. 

Avicula inequivalvis, 615. 


Bagshot Beds, Mr. H. G. Lyons on 
the, 633. 

Barbados, Cystechinus erassus, a new 
species from the Radiolarian Marls 
ot, 640. 

, Scotland formation of, 645; 
Radiolarian deposits of, 646 ; Coral- 
line Limestone of, 646. 

Baron, Rey. R., on the geology of 
Madagascar, with an appendix on 
the fossils by Mr. R. B. Newton 
305, 

, Dr. F. H. Hatch on the petro- 
graphical characters of some rocks 
collected in Madagascar by the, 
340. 

Basalt, olivine-free, with porphyritic 
hornblende, from Madagascar, 351. 

——., felspar-free, from Madagascar, 
352. 

, hornblendic, from Madagascar, 
302. 

Basaltic dykes in the Western Isles, 
200. 


plateaux, great, formation of, by 
ordinary volcanic action, 206. 

Basalts of Madagascar, 346. 

Basie and acid rocks, relative posi- 
tions of, in the Western Isles, 199, 
200. 


Basic dykes of North Britain, age of 
the, 209, 

Bath district, Midford Sands of the, 
453. 

, section through, 468. 

Bather, Mr. F. A., on Trigonocrinus, 
a new genus of Crinoidea from the 
* Weisser Jura” of Bavaria, with 
the description of a new species, 
fT. liratus, and an appendix on 
sudden deviations from normal 
symmetry in Neocrinoidea, 149. 

, on Marsupites testudinarius, 

172. 

, on the basals of Eugeniacrinide, 
309. 

Bavaria, Mr. F. A. Bather on Trigo- 
nocrinus, a new genus of Crinoidea 
from the ‘‘ Weisser Jura” of, 149. 

Bayshaw, flint implements from, 283. 

Beach at Speeton, plan of, 578. 

Beaminster, section through, 468. 

Bedford, Sauropterygian from the 
Oxford Clay near, 48." 

Beinn Uaigh, in the Isle of Mull, 
section of the rocks forming the 
summit of, 198. 

Belemnites jacuium, 611. 

lateralis, 610. 

— minimus, 612. 

— Owenii, 610. 

polygonalis, 333. 

—— semicanaliculatus, 611. 

jaculum, zone of, at Speeton, 

592; fossils of the, 597. 

lateralis, zone of, at Speeton, 
585 : fossils of the, 591. 

—— minimus, zone of, at Speeton, 
602; fossils of the, 604. 

semicanaliculatus, zone of, at 

Speeton, 599 ; fossils of the, 602. 


Belledonne and Grandes Rousses 
ranges, section of the, 70. 
range, crystalline rocks of, 


ras 

Berkshire and Wiltshire, Messrs. Hill 
and Jukes-Browne on the occur- 
rence of colloid silica in the Lower 
Chalk of, 403. 

Betafo valley, Madagascar, voleanie 
district of, 320. 

Bewley Farm, flint implements from 
near, 284. 

Bigsby Medal, award of the, to Mr. J. 
J. Harris Teall, Proc. 35. 

Biotite, analyses of, 368. 

, white mica from, 487. 
Biotite-gneiss, granite-veins in, at the 
south end of Swinyard’s Hill, 482. 
Bisidmonea tetragona, var. ovalis, 571. 
Bituminous Shales of the Upper 
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Kimeridge, at Speeton, 582; fossils 
of the, 583. 

Blanford, Dr. W. T. (President), 
Address on presenting the Wollaston 
Gold Medal to Prof. T. G. Bonney, 
Proc. 30; Address on presenting 
the balance of the Wollaston Dona- 
tion Fund to Mr. A. Smith Wood- 
ward, Proc. 31 ; Address on handing 
the Murchison Medal to Mr. W. 
Topley for transmission to Prof. 
James Geikie, Proc. 32; Address on 
presenting the Balance of the Mur- 
chison Geological Fund to Myr. 
Grenville A. J. Cole, Proc. 33; 
Address on presenting the Lyell 
Medal to Prof. W. Boyd Dawkins, 
Proc. 34; Address on presenting 
the Balance of the Lyell Geolo- 
gical Fund to M. Louis Dollo, 
Proc. 35; Address on presenting 
the Bigsby Medal to Mr. J. J. 
Harris Teall, Proc. 35 :—Anniver- 
sary Address, Feb. 15, 1889: Odi- 
tuary Notices of Deceased Fellows: — 
Prot. Gerard Vom Rath, Proc. 37; 
Prof. Theodor Kjerulf, Proc. 38; 
Sir Charles Tilston Bright, Proc. 
39; Mr. William Hellier Baily, 
Proc. 39; Prof. Henry Carvill Lewis, 
Proc. 41: Vice-Admiral Thomas 
A. B. Spratt, Proc. 42; Viscount 
Eversley, Proc. 44; Prof. Giuseppe 
Meneghini, Proc. 45; Prof. Giuseppe 
Seguenza, Proc. 45 ; Mr. John 
Brown, Proc. 46; and Mr. William 
Ogilby, Proc. 46. Address on the 
work done by the Society and its 
Fellows in 1888, and on the pro- 
ceedings of the International Geo- 
logical Congress, with special re- 
ference to the Meeting held in 
London in 1888, Proc. 47. 

Bonney, Prof. T. G., Award of the 
Wollaston Gold Medal to, Proc. 30. 

, on two traverses of the crys- 
talline rock of the Alps, 67. 

Boothorpe, map of the country around, 
19 


and Moira Grits, 18. 
clay-works, Woodville, section 
at, 6; rock-fragments in Permian 
breccia at, 24. 

Boring at Sapeote Freeholt, 30. 

Borings at Market Bosworth, 31; 
igneous rocks of the, 37. 

Bosworth Wharf, boring at, 31; ig- 
neous rocks of the, 37, 38. 

Bourg d’Oisans, traverse from Vizille 
to, 71; traverse from, to Le Dau- 
phin, 72. 
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Breccia, Permian, of Newhall Park, 
analysis of the matrix of, 22. 

Breccias, Permian, of the Leicester- 
shire Coal-field, rock-fragments of 
the, 22; origin of the rock-frag- 
ments of the, 27. 

at Newhall Park Colliery, 4; at 
Boothorpe clay-works, Woodville, 
6, 10. 

Brenner, crystalline rocks of the, 92. 

Briangon, traverse from Grenoble to, 
9. 


, traverse from Le Dauphin to, 75. 

, traverse from, to Turin, 79. 

Brick-clay, Dr. A. Dunlop on the, of 
Jersey, 118. 

Brick-earth near Ightham, Kent, 280. 

Brigg, sketch map of the neighbour- 
hood of, 554. 

Brown, Mr. H. T., on the Permian 
rocks of the Leicestershire Coal- 
field, 1. 

Brunecken, ‘‘ Thonglimmerschiefer ” 
series at, 84; Quartz-mica-schist 
from a quarry near, 89. 

Bryozoa from the Inferior Oolite of 
Shipton Gorge, Dorset, 561. 

Buckholt Wood, section at, 443. 

Buckman, Mr. 5S. S., on the Cotteswold, 
Midford, and Yeovil Sands, and the 
division between Lias and Oolite, 
440, 

, on the descent of Sonninia and 
Hammatoceras, 651. 

Bunter conglomerates of the Leices- 
tershire Coal-field, 2. 

Burton Bradstock, section at, 451. 

, section through, 468. 

Bye-Laws, notices as to Alterations in 
the, Proc. 6, 7, 78, 79, 81, 82, 35. 


Cader Idris, Messrs.Cole and Jennings 
on the northern slopes of, 422. 
, lithological section through 


423. 
Calathium Anstedi, 144. 
Calc-mica-schist, stratification-folia- 
tion in, near the Col de Sestriéres, 
82. 
, folded, above Windisch-Matrei, 
8 


Calc-mica-schists east of; the water- 
shed of the Cottian Alps, micro- 
scopic structure of the, 102. 

Caldecote Series, rock-fragments from 
the, in the Permian breccias of the 
Leicestershire Coal-field, 26, 28. 

Callaway, Dr. C., on the production of 
secondary ‘minerals at shear-zones 
in the crystalline rocks of the 
Malvern Hills, 475. 


668 


Cambrian rocks of Canada, Proc. 80. 
strata of North America, Spain, 
Sardinia, and Scotland, Dr. G. J. 
Hinde on Archeocyathus and allied 
genera from the, 125. 
Cambridge Greensand, 
from the, 41. 
Camptosaurus Leedsi, 47. 
Canada, Sir J. W. Dawson, on Cam- 
brian rocks of the Atlantic coast 
of, Proc. 80. 
. fossil siliceous sponges from the 
Quebec Group of Little Métis, Proc. 
8 


Dinosaurs 


4. 

Canals in hornblende-schists of the 
Lizard, 526. 

Candler, Mr. C., on some undescribed 
lacustrine deposits at Saint Cross, 
South Elmham, Suffolk, 504. 

Cap La Hague, granite of, 383. 

Carbonic-acid gas, action of water 
saturated with, on the minerals of 
the mica-family, 363. 

Carboniferous Gasteropoda, Miss Don- 
ald on some new species of, 619. 

rocks, fragments of, in Permian 

breccias of Leicestershire, 24, 27. 

near Le Freney, micro- 
scopic structure of, 102. 

Careg-y-defaid, felsites of, 250; brec- 
ciated masses in the felstone of, 
255. 

Carrock Fell, Mr. T. T. Groom on a 
tachylyte associated with the gab- 
bro of, 298. 

Casquets, Rev. EH. Hill on the rocks 
of the, 380. 

and Alderney, general descrip- 
tion of, 380; map of, 381. 

Castle Cary, section through, 468. 

Central gneiss (von Hauer) of the 
Velber-Tauern district, microscopic 
structure of the, 104. 

Chalk, Lower, of Berkshire and Wilt- 
shire, occurrence of colloid silica 
in the, 403. 

Chalk-plateau near Ightham, Kent, 
flint implements from the, 285, 
287. 

Champernowne, (the late) Mr. A., on 
the Ashprington volcanic series of 
South Devon, 369. 

Changes, structural and mineral, pro- 
duced at Shear-zones, 476. 

Charnwood Forest, section from 
Hartshill to, showing the Sub- 
Triassic ridge of older rocks, 34. 

Chart Farm, flint implements from, 
285. 

Chelone gigas, 239. 

Jessoni, 231. 
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Chelonia, Eocene and Mesozoic, Mr. 
R. Lydekker on some, 227. 

Chelonian, plastron of, from the 
Wealden,.511. 

remains, Mr. R. Lydekker on 
some, from the Wealden and Pur- 
beck, 511. 

Chemical changes in rocks at shear- 
zones, 498. 

composition of siliceous beds in 
the Lower Chalk of Berkshire and 
Wiltshire, 413. 

Chilton, section in cutting half a mile 
east of, 403. 

, Lower Chalk from near, micro- 

scopic characters of, 409; analysis 

of, 413. 

, analyses of chalk marl from, 
413, 414. 

Chipping Sodbury, section through, 
468. 


Chlorite, white mica from, 488. 

Chloritic schists of the ‘Thonglim- 
merschiefer ” series, analyses of, 109. 

Churston, 376. 

Clay of Madagascar, 310. 

Clays above the Oxford Clay in 
Lincolnshire, 550; fossils of the, 
550-558 ; classification and correla- 
tion of the, 555-359. 

, black selenitiferous, above the 
Oxford Clay of Lincolnshire, table 
of fossils from the, 556. 

Clay-slate in Madagascar, 310. 

Cleve Hill, section through, 468. 

Clupea, Mr. E. T. Newton on a new 
species of, from Oligocene strata in 
the Isle of Wight, 112. 

vectensis, 112. 

Coal in Madagascar, 325. 

Coal-field, Mr. H. T. Brown on the 
Permian Rocks of the Leicester- 
shire, 1. 

Coal-measures, supposed Upper, of 
Windmill Spinney, 20. 

Coaley Wood, section at, 444, 456. 

Col de la Lauze, outline of black 
Jurassic slate on the, 76. 

Col du Lautaret, 75, 79. 

Cole, Mr. Grenville, A. J., Award of 
the Murchison Geological Fund to, 
PROC. 33° 

, and Mr. A. Vaughan Jennings, 
on the northern slopes of Cader 
Idris, 422. 

Combe de Gavet, 75; microscopic 
structure of schists of the, 100. 

—— de} Malasal, microscopic struc- 
ture of gneiss of the, 101. 

Comp Wood, section from the, to 
Ightham Common, 272. 
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Compound nodular band at Speeton, 
588, 589. 

Compton Basset, microscopic charac- 
ters of Lower Chalk from, 410. 

Conglomerate east of Freney, micro- 
scopic structure of matrix of, 102. 

Conglomerates in Jersey, 387. 

Copper in Madagascar, 327. 

Coprolite-bed at Speeton, 583. 

Corallian of Lincolnshire, 555-557. 

Coralline Limestone of Barbados, 
646. 

Correlation of Jurassic beds in various 
localities, 460. 

Corton Downs, section through, 468. 

Coscinocyathus, 134. 

Coton Park Colliery, Permian rocks 
at, 12. 

Cotteswold, Midford, and Yeovil 
Sands, Mr. 8. S. Buckman on the, 
440. 

Cotteswoids, sands of the, 453. 

,comparative vertical sections of 
the strata of the, and the Sherborne 
District, 456. 

Cottian Alps, microscopic structure of 
Calc-mica-schists east of the 
water-shed of the, 102. 

Cowpasture Boring, 31 ; 
rocks of the, 37. 

Craig-y-Llam, compressed tuff from, 
containing fragments of vesicular 
and perlitic lavas, 430. 

Crater-lakes in Madagascar, 320. 

Craters, volcanic, of Madagascar, 321. 

Crinoidea, Mr. F. A. Bather on 
Trigonocrinus, a new genus of, from 
the ‘“‘ Weisser Jura” of Bavaria, 
and on sudden deviations from 
normal structure in, 149. 

Crioceras, 614. 

Croll, Dr. James, on prevailing mis- 
conceptions regarding the evidence 
which we ought to expect of former 
Glacial Periods, 220. 

Crystalline rocks of the Alps, Prof. T. 
G. Bonney on the, 67. 

of the Malvern Hills, pro- 

duction of secondary minerals at 

shear-zones in the, 475. 

, banded, and hornblende- 
schists of the Lizard, Major-Gen. 
C. A. McMahon on the, 519. 

—-— schists of Madagascar, 308. 

of the Alps, microscopic 
structures in the, 100. , 

Crystals, enlargement of detrital frag- 
ments of, 176. 

, enlargement of, in 

rocks, 177. 

, Prof. J. W. Judd on the growth 


igneous 


igneous 
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of, in igneous rocks after their 
consolidation, 175. 

Cystechinus crassus, from the Radio- 
larian marls of Barbados, 640. 


Dacochelys Delabechei, 241. 

Darent, section across the valley of 
the, at Eynsford, 289. 

basin, river-drifts in the, 274; 

flint implements from the higher 

gravels of the, 284. 

valley, flint implement from the 
river-gravels in the, 285. 

Dartmoor, Mr. R. N. Worth on the 
Elvans and voleanic rocks of, 
398. 

, denudation of, 401. 

Dauphiné, mountains of, 75. 

Dawkins, Prof. W. Boyd, Award of 
the Lyell Medal to, Proc. 34. 

Dawson, Sir J. W., supplement to his 
paper on the rocks of the Atlantic 
coast of Canada, Proc. 80. 

Devon, Svuth, (the late) Mr. A. 
Champernowne on the Ashprington 
voleanic series of, 369. 

Devonian limestones and slates, rela- 
tions of the Ashprington volcanic 
series with, 372. 

Diabase-dykes in Alderney, 384. 

Diallage-hypersthene rocks from Ma- 
dagascar, 345. 

Dinosaur, Iguanodont, from the 
Oxford Clay, Peterborough, 45. 

, Ornithopodous, from the Cam- 
bridge Greensand, 41 ; ? Theropo- 
dous, from the Wealden, 44. 

Diorite, alteration of, in shear-zone 
above West Malvern, 480. 

, production in, of black mica, 

white mica, quartz, and secondary 

felspar, 478. 

, schistosity in, at shear-zones, 

477. 

, transition from, to mica-gneiss, 
at the south end of Swinyard’s 
Hill, 483. 

Diorites in Permian breccias of Lei- 
cestershire, 26. 

——, intrusive, in the granulitic 
group of the Lizard, 533; mineral 
constituents of the, 5384. 

Dogger Sands of Yorkshire, 471. 

Dolerites and intrusive sheets of the 
northern slopes of Cader Idris, 
431. 

Dollo, M. Louis, Award of the Lyell 
Geological Fund to, Proc. 35. 

Donald, Miss, on some new species of 
Carboniferous Gasteropoda, 619. 
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Donations to the Library and 
Museum, Proc. 87. 
Dorset-Somerset District, Yeovil 


Sands of the, 454. 

Dorsetshire, Mr. E. A. Walford on 
Bryozoa from the Inferior Oolite of 
Shipton Gorge, 561. 

Down Cliffs, near Seatown, section at, 
452. 

Drifts of the Darent, Shode, and 
Medway valleys, 290. 

—— of the Ightham District, relative 
ages of the, 286. 

Dunks Green, river-gravel at, 277 ; 
flint implements from, 284, 286. 
Dunlop, Dr. A., on the Jersey brick- 

clay, 118. 

Dyke-fissures, insufficiency of, as 
sources of plateau-basalts, 210. 

Dykes, basic, of North Britain, age 
of the, 209. 

——, diorite- and granite-, intrusive 
in serpentine, Kennack Cove, 540. 

—— in Alderney, 383. 


Earthquakes in Madagascar, 325. 

Eastcott, chalk marl from, micro- 
scopic characters of, 411 ; chemical 
characters of, 414. 

Eastern Alpsfrom Lienz to Kitzbuhel, 
crystalline rocks of the, 83. 

——, nomenclature of rocks in the, 83. 

——, microscopic structures in the 
crystalline rocks of the, 104. 

Hchinospatangus-bed at Speeton, 595. 

Echinopatangus cordiformis, 616. 

Economic products of Madagascar, 
O27 . 

Elvans of Dartmoor, Mr. R. N. Worth 
on the, 898 ; microscopic characters 
of the, 400. 

Elmesthorpe, outcrop of Stockingford 
Shales at, 30. 

Enlargement, mineral, at shear-zones 
in the Malverns, 496. 

of crystals in igneous rocks, 176, 
Lil 

Entalophora magnipora, 572. 

raripora, 572. 

, var. anomala, 573. 

richmondiensis, var., 571. 

subgracilis, 573. 

Hocene Chelonia, Mr. R. Lydekker on 
some, 227. 

Eruption, five great centres of, and 
minor vents in the Western Isles 
of Scotland, 192. 

Eruptions of rocks of Cader Idris, age 
and duration of, 486. 

Etchilhampton Hill, microscopic cha- 
racters of chalk marl from, 411. 
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Etheridge, Mr. R., and Mr. H. Wil- 
lett on the dentition of Lepidotus 
maximus, Wagner, as illustrated by 
specimens from the Kimeridge Clay 
of Shotover Hill, near Oxford, 
356. 

Ethmophyllum Whitneyi, 133. 

Eucertidium Hammondi, 128. 

Eugeniacrinide, structure of, 154-160. 

, Mr. F. A. Bather on the basals 
of, 359. 

Eurite of Cader Idris, 433; analysis 
of, 435. 

Exogyra sinuata, 615. 

Eynsford, Paleolithic flint imple- 
ments from near, 289; section across 
the valley of the Darent at, 289. 


Fane Hill, flint implements from, 283. 

Felsite, schistosity in, at shear-zones, 
ATT. 

Felsites in Permian breccias of Leices- 
tershire, 26. 

of Pen-y-chain, 247. 

Felsitic fragments, presence of, in 
agglomerates alternating with ba- 
saltic lava-streams in the Western 
Isles, 199. 

Felspar, porphyritic, modified, 252. 

crystal traversed by a vein 

through which plagioclase bands 

are continued, 253. 

crystals, changes in the com- 
position of the outer zones of, during 
their growth, 179. 

Felspars, porphyritic, growth of, after 
the consolidation and alteration by 
weathering of an igneous rock, 178.1 

Felspathic grits in Permian breccias 
of Leicestershire, 24, 25. 

Felstones, nodular, of the Lleyn, Miss 
C. A. Raisin on some, 247. 

Fissure-eruptions, theory of, 206, 207. 

Flint, formation of, 419. 

Flint implements, palzolithic, Prof. 
J. Prestwich on the occurrence of, 
in the neighbourhood of Ightham, 
Kent, 270. 

—— belonging to the Shode 

river-drifts, 283. 

, Paleolithic, distribution 
of, in the Ightham District, 280-282. 

Foliation, origin of, in metamorphic 
rocks, 185. 

Fossils from Madagascar, 331. 

Freney, crystalline rocks near, 74; 
microscopic structure of gneiss in 
the glen west of, 101; carboni- 
ferous rocks near, 102. 

Frocester Hill, 443; section through, 
468. 
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Fulgurites from Monte Viso, Mr. F, 
Rutley on, 60. 


Gabbro of Carrock Fell, Mr. T. T. 
Groom on a tachylyte associated 
with the, 298. 

Galena in Madagascar, 327. 
Gasteropoda, Miss Donald on some 
new species of Carboniferous, 619. 
Geikie, Prof. James, Award of the 

Murchison Medal to, Proc. 32. 

Geosaurus, affinities of, 56. 

Glacial Periods, Dr. J. Croll on pre- 
vailing misconceptions regarding 
the evidence which we ought to 
expect of former, 220. 

Glasgow, Mr. F. Rutley on tachylyte 
from Victoria Park, Whiteinch, 
near, 626. 

Gneiss of Guernsey, 389. 

in Madagascar, 308, 311, 340. 

of the Combe de Malasal &c., 
microscopic structure of the, 101. 

Gneisses and schists of the Alps, 95; 
stratigraphical succession in the, 


of the lower part of Val Chisone, 
microscopic structure of the, 103. 
Gold in Madagascar, 327. 
Goniostropha, character of the sub- 
genus, 621. 
Goodrington, section near, 374. 
Grandes Rousses and LBelledonne 
ranges, section of the, 70. 
range, crystalline rocks of, 
72 


Granite of Alderney, 382. 

of Madagascar, 312, 341. 

of Missouri, orthoclase-crystals 

from, 183. 

, Schistosity im, at shear-zones, 
477, 479. 

Granite-veins at shear-zones in the 
Malvern Hills, exogenous origin of 
the, 494. 

in biotite-gneiss in shear-zone 

at the south end of Swinyard’s 

Hill, 482. 


Granitic veins in granulites of the 


Lizard, 535-541. 

Granitite-gneiss from Madagascar, 
340. 

Granophyric _ structures, 
origin of the, 175. 

Granulites of Madagascar, 344. 

Granulitic group of the Lizard, 531 ; 
mineral constitution of the, 532; 
forked band in the, 835; granitic 
veins in the, 535-541. 

Graphite in Madagascar, 311. 


secondary 
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Gravels, higher, of the neighbourhood 
of Ightham, Kent, 275, 276. 

Greenway Lane, section in, 448. 

Gregory, Mr. J. W., on Cystechinus 
crassus, a new species from the 
Radiolarian marls of Barbados, and 
the evidence it affords as to the age 
and origin of those deposits, 640. 

Grenoble, traverse from, to Briangon, 
69. 

Grenofen elvan, microscopic character 
of the, 400. 

Gresley, Permian breccia at, 11. 

Grits, felspathic, in Permian breccias 
of Leicestershire, 24, 25. 

—-— of Alderney and the Casquets, 
385 ; age of the, 387. 

Groom, Mr. T.T., on a tachylyte asso- 
ciated with the gabbro of Carrock 
Fell in the Lake District, 298. 

Griben, crystalline rocks near, 89. 

Gschlossthal, crystalline rocks of the, 
89. 

Guernsey, gneiss of, 388, 389. 


Hadlow, river-gravel near, 278. 

Ham Hill, section at, 449. 

Hammatoceras, Mr. 8. 8. Buckman on 
the descent of, 651. 

, descent of, 659; English species 

of, 661. 

amplectens, 662. 

doliwm, 661. 

Hampton Mills, river-gravel at, 278. 

Hamptons, section from, to Shipborne, 
272. 

Haresfield Beacon, 448. 

Hill, section through, 468. 

Haresfield-Watton district, 453. 

Hartshill district, derivation of rock- 
fragments in Permian breccias of 
Leicestershire from the, 28. 

, section from, to Charnwood 
Forest, showing the Sub-Triassic 
ridge of older rocks, 34. 

Hartshorn, Permian rocks at, 15. 

Hatch, Dr. F. H., on the petrogra- 
phical characters of some rocks col- 
lected in Madagascar by the Rev. 
R. Baron, 340. 

Hexactinellid sponges, traces of, in 
Lower Chalk near Upton, 408. 

Higher Brixham, 376. 

Yalberton, Ashprington volcanic 
series near, 373. 

Highfield, river-drifts at, 277; flint 
implements from, 283, 286. 

Highlands Hill, section from, to Old- 
bury Hill, 272. 

Hildoceratidz, table of distribution 
of, in “ Toarcian ”’ beds, 461-463. 
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Hill, Rev. E., on the rocks of Alderney 
and the Casquets, 380. 

Hill, Mr. W., and Mr. A. J. Jukes- 
Browne, on the occurrence of col- 
loid silica in the Lower Chalk of 
Berkshire and Wiltshire, 403. 

Hinde, Dr. G. J., on Archeocyathus, 
Billings, and on other genera, allied 
to or associated with it, from the 
Cambrian strata of North America, 
Spain, Sardinia, and Scotland, 125. 

, on some fossil siliceous sponges 
from the Quebee Group of Little 
Métis, Canada, Proc. 84. 

Holland, Mr. P., analysis of tachy- 
lyte feom Victoria Park, Whiteinch, 
near Glasgow, 631. 

Hoploparia prismatica, 617. 

Hornblende, pseudomorphs after, in 
basalts from Madagascar, 349. 

Hornblende-olivine-basalt from Mada- 
gascar, 349. 

Hornblende-rock in Madagascar, 311. 

Hornblende-schists of the Lizard, 521; 
mineral constituents of the, 522; 
origin of the, 519, 520, 524; band- 
ing of the, 525; canals in, 526; ser- 
pentinous streams in the, 526. 

and banded crystalline rocks of 
the Lizard, Major-General C. A. 
M‘Mahon on the, 519. 

Hyperite of Madagascar, 342. 


Idmonea claviformis, 569. 

stomatoporoides, 568. 

triquetra, 568. 

, var. Parkinsoni, 569. 

Ightham, Kent, Prof. J. Prestwich on 
the occurrence of palzolithic flint 
implements in the neighbourhood 
of, 270; river-drifts near, 273, 274; 
higher gravels near, 275, 276. 

Common, section from, to Comp 

Wood, 272. 

district, distribution of paleo- 

lithic flint implements in the, 280- 

282; ages of the drifts of the, 

286. 

Valley, sections of the, 271. 

Jgneous rocks, Prof. J. W. Judd on 
the growth of crystals in, after their 
consolidation, 175. 

in Permian breccias of Lei- 

cestershire, 24, 26. 

of Alderney, 382. 

of Market Bosworth 


borings, 37. 
of the Western Isles, gene- 
ral order of eruption of the, 196. 
Iguanodont Dinosaur from the Ox- 


ford Clay, Peterborough, 45, 
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Ilmenite, near Malvern, 490. 

Ilminster, section at White Lacking- 
ton Park, near, 450. 

Inferior Oolite of Shipton Gorge, Dor- 
set, Mr. H. A. Walford on Bryozoa 
from the, 561. 

Infiltration, introduction of new mine- 
rals by, 496. 

Ingleby and Knowle Hills, Permian 
and Trias of, 15. 

and Knowle- Hill district, map of 
the, 17. 

Inoceramus imbricatus, 615. 

venustulus, 615. 

Intrusive rocks of Alderney, 383. 
sheets and dolerites of the nor- 
thern slopes of Cader Idris, 431. 
Isle of Wight, Mr. E. T. Newton on a 
new species of Clupea from Oligo- 
cene strata in the, 112. 

Isocardia angulata, 616. 

Itasy, lake, in Madagascar, 319, 


Jennings, Mr. A. Vaughan, and Mr. G. 
A. J. Cole on the northern slopes of 
Cader Idris, 422. 

Jersey, Dr. A. Dunlop on the brick- 
clay of, 118. 

——, conglomerates of, 387; rhyo- 
lites of, 388; diorite of, 388; gran- 
ite of, 388. 

, nodules in rhyolites of, 256. 

Johnstone, Mr. A., on the action of 
pure water, and of water saturated 
with carbonic-acid gas, on the mine- 
rals of the mica family, 363. 

Judd, Prof. J. W., on the growth of 
erystals in igneous rocks after their 
consolidation, 175. 

, on the Tertiary volcanoes of the 
Western Isles of Scotland, 187. 

Jukes-Browne, Mr. A. J.,and Mr. W. 
Hill, on the occurrence of colloid 
silica in the Lower Chalk of Berk- 
shire aud Wiltshire, 403. 

Jurassic Clays, Upper, of Lincoln- 
shire, 545. 

—— fossils from Madagascar, 334. 

—— slates of the Alps of Dauphiné, 
(a6 


Kennack Cove, section showing diorite- 
and granite-dykes intrusive in ser- 
pentine at, 540. 

Kent, Prof. J. Prestwich on the oc- 
currence of paleolithic flint imple- 
ments in the neighbourhood of 
Ightham, 270. 

Kildown Cove, granulite from, 537; 
granitic vein in, deflected by a por- 
phyritic felspar, 537. 
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Kilroe, Mr. J. R., on the origin of 
movements in the earth’s crust, 
Proc. 83. 

Kimeridge Clay, dentition of Lepidotus 
maximus from the, of Shotover Hill, 
356. 

—— Clay of Lincolnshire, 557-559. 

——, Upper, at Speeton, 582; fossils 
of the, 585. 

Kingshill Spinney, boring at, 31. 

Kitzbihel, traverse from Mittersill to, 
Se 

—— and Lienz, crystalline rocks of 
the Eastern Alps between, 83. 

Knowle Hills and Ingleby, Permian 
and Trias of, 15. 

district, map of the, 17. 


Labradorite-andesite of the Isle of 
Mull, secondary outgrowths to fel- 
spar-crystals in, 178. 

Lacustrine deposits at Saint Cross, 
South Elmham, Suffolk, 504; sec- 
tion of, 505; organic remains from, 
506, 507. 

Lagoons of Madagascar, 328. 

La Grave, rocks near, 75, 76; micro- 


scopic structure of gneiss from west 


of, 102. 

Lake District, Mr. T. T. Groom on a 
tachylyte associated with the Gabbro 
of Carrock Fell in the, 298. 

Lakes and marshes of Madagascar, 
318. 

Lamplugh, Mr. G. W., on the sub- 
divisions of the Speeton Clay, 

_ Be 

Lava-fieids of the Western Territories 
of the United States, mode of form- 
ation of the, 212. 

Lavas of the Ashprington volcanic 
series, South Devon, 370. 

and tuffs of the Western Isles, 
subaerial origin of the, 199. 

Leckhampton Hill, section through, 
468. 

Le Dauphin, traverse from Bourg 
d’Oisans to, 72; traverse from, to 
Briangon, 75. 

Lehmann, Dr., theory of perthite- 
structure, 183. 

Leicestershire coal-field, Mr. H. T. 
Brown on the Permian rocks of 
the, 1. 

Leybourne Stream, river-gravel in the 
basin of the, 274. 

Lias and oolite, Mr. 8S. S. Buckman 
on the division between, 458. 

Lienz, crystalline rocks near, 86. 

— to Kitzbihel, crystalline rocks of 
the Eastern Alps from, 838. 
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Lienz, traverse from, to Mittersill, 86. 

Limestone, crystalline, in Madagascar, 
dll. 

Lincolnshire, map of part of, 546. 

, Mr. T. Roberts on the Upper 
Jurassic Clays of, 545. 

Lingula-bed at Speeton, 586. 

Linton, Permian rocks at, 12. 

Lithological characters of the Permian 
beds of Leicestershire, 21. 

Little Métis, Canada, fossil siliceous 
sponges from the Quebec Group of, 
Proc, 84. 

Sodbury, section at, 446. 

Livet, microscopic structure of schist 
with contorted quartz-veins from, 
101. 

Lizard, Major-Gen. C. A. M‘Mahon on 
the hornblende-schists and banded 
erystalline rocks of the, 519. 

Lleyn, Miss C. A. Raisin on some 
nodular felstones of the, 247. 

, succession and age of the rocks 
of the, 247. 

Lodge Hill, section in, £47, note. 

London Clay, Mr. W. H. Shrubsole 
on the Radiolaria of the, 121. 

Lower Bitchet, flint implements from, 
284. 

—— Chalk, origin of colloid silica in 
the, 410. 

—— —— of Berkshire and Wiltshire, 
microscopic characters of the, 406 ; 
sponge-structure in the, 407. 

Lydekker, Mr. R., on the remains and 
affinities of five genera of Mesozoic 
reptiles, 41. 

, on remains of Eocene and Meso- 

zoic Chelonia and a tooth of Orni- 

thopsis ?, 227. 

, on certain Chelonian remains 
from the Wealden and Purbeck, 511. 

Lyell Geological Fund, Award of the, 
to M. Louis Dollo, Proc. 35. 

—— Medal, Award of the, to Prof.W. 
Boyd Dawkins, Proc. 34. 

Lyncombe, sections at, 447, 448, 456. 

Lyons, Mr. H. G., on the Bagshot 
beds and their stratigraphy, 633. 

Lytoloma cantabrigiense, 223. 


M‘Mahon, Major-Gen. C. A., ov the 
hornblende-schists and banded ecrys- 
talline rocks of the Lizard, 519. 

Madagascar, general characters of, 
305; crystalline schists of, 308; 
granite of, 312; older volcanic series 
of, 313; newer volcanic series of, 
315; thermal springs &e. of, 322; 
earthquakes in, 3823; sedimentary 
rocks of, 824; economic products 
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of, 327; lagoons of, 328; fossils 
from, 331; rocks of, 340; lakes and 
marshes of, 318. 

Madagascar, Dr. F. H. Hatch on rocks 
collected in, by the Rev. R. Baron, 
340; Rev. R. Baron on the geology 
of, 305; Mr. R. B. Newton on fos- 
sils from, 331. 

Magma-basalt from Madagascar, 352. 

Magnetite in Madagascar, 300. 

Maierhof, central gneiss near, 93. 

“‘Malinstones” of Surrey, Hampshire, 
and Berkshire, siliceous spicules in 
the, 406. 

Malvern Hills, Dr. C. Callaway on the 
production of secondary minerals 
at shear-zones in the crystalline 
rocks of the, 475. 

Mandridrano, extinct volcanoes of, 
315, 318. 

Map of the Ingleby and Knowle-Hill 
district, 17 ; of the country around 
Boothorpe, 19. 

of Alderney and the Casquets, 

381. . 

of part of Lincolnshire, 546; of 
the neighbourhood of Brigg, 554. 

Market Bosworth, borings at, 31; 
igneous rocks of, 37. 

Marshes and lakes of Madagascar, 
318. 

Marsupites testudinarius, Mr. F. A. 
Bather on, 172. 

Mauna Loa, lava-flow from, in 1855, 
214-216. 

Measham, Permian rocks at, 11. 

-, section in Hincks’s Close, 11. 

Meije Glacier, junction of gneiss with 
Jurassic slate in the glen below the, 
78. 

Mendip Hills, section through the, 468. 

Mesozoic Chelonia, Mr. R. Lydekker 
on some, 227. 

Metamorphic rocks, origin of foliation 
in the, 185. 

Metamorphism, temperature of, 499. 

Meyeria falcifera, 617. 

ornata, 616. 

Mica, white, from biotite, 487; from 
chlorite, 488. 

Mica-family, Mr. A. Johnstone on the 
action of pure water and of water 
saturated with carbonic-acid gas on 
the minerals of the, 363. 

Mica-gneiss, transition from diorite to, 
at the south end of Swinyard’s Hill, 
483. 

Mica-trap dyke in Alderney, 384. 

Micas, classification of, 363, 365. 

Microscopic structures in crystalline 
rocks of the Alps, 100. 
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Midford, Yeovil, and Cotteswold Sands, 
Mr. 8. 8. Buckman on the, 440. 
— Sands of the Bath district, 

453. 


, age of the, 456. 

Milton, Leicestershire, Permian marl 
near, 14. 

Mineral aggregation and enlargement, 
at shear-zones in the Malvern Hills, 
496. 

changes at shear-zones, south 
end of Swinyard’s Hill, 487. 

Minerals, introduction of new, by in~ 
filtration, 496. 

, secondary, Dr. C. Callaway on 

the production of, at shear-zones 

in the crystalline rocks of the Mal- 

vern Hills, 475. 

of Malvern Rocks, Dr. H. B. 
Patten on some of the, 492. 

Missouri, orthoclase crystals 
granite of, 185. 

Mittersill, traverse from Lienz to, 86; 
crystalline rocks near, 90, 91; tra- 
verse from, to Kitzbihel, 91; sec- 
tion in quarry below castle near, 
Ee 

Moira and Bocthorpe Grits, 18. 

Monosphera toliapica, 128. 

Mont Genévre, section through, from 
Briangon to the Col de Sestrieres, 80. 

— pass, section of the, 79. 

Monte Viso, Mr. F. Rutley on ful- 
gurites from, 60. 

Movements in the Earth’s crust, Mr, 
J. R. Kilroe on the origin of, Proc. 
$3. 

Mull, Island of, section of the summit 
of Beinn Uaigh in the, 197. 

Murchison Geological Fund, Award of 
the, to Mr. Grenville A. J. Cole, 
PTC. 33: 

Medal, Award of the, to Prof. 
James Geikie, Proc. 32. 

Murchisonia (Goniostropha) subtili- 
striata, 628. 

) turriculata, and var. sco- 

tica, 622. 

(Stegocelia) compacta, 624. 

Muscovite, action of water and of car- 
bonic acid upon, 364. 

Mynydd Moel, beds beneath the eurite 
on, 425, 

Mynydd-y-Gader, dolerite of, 431. 


from 


Neocomian, supposed Middle, at Spee- 
ton, 594. 

Neocrinoidea, Mr. F. A. Bather on 
sudden deviations from normal 
symmetry in, 167. 

Nerita Buvignieri, 335. 
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Netherseal Colliery, Permian beds at, 
12. 

Newer volcanic series of Madagascar, 
315. 

Newhall Park Colliery, breccias at, 4; 
rock-fragments in Permian breccia 
at, 24. 

, section on south side 
of railway at, 5. 

Newton, Mr. H. T., on a new species 
of Ciupea (C. vectensis) from Oligo- 
cene strata in the Isle of Wight, 
er: 

Newton, Mr. R. B., on fossils from 
Madagascar, with descriptions of 
new species of Jurassic Pelecypoda 
from that island, 331. 

Nibley Knoll, section at, 445, 456. 

Nipterella paradoxica, 144. 

Nodular structures in the felstones of 
the Lleyn, 255; sections of, 260, 261. 

North America, Dr. G. J. Hinde on 
Archeocyathus and allied genera 
from, 125. 

Northampton Sands, 471. 

lummulites biaritzensis, 332. 

Nuneaton district, derivation of rock- 
fragments in Permian breccias of 
Leicestershire from the, 28. 


Oakthorpe, Permian rocks at, 11. 

Oldbury Hill, section from, to High- 
lands Hill, 272;. flint implements 
from, 284. 

—— stone, 277, 278. 

Older volcanic series of Madagascar, 
313. 

Olenellus-fauna, horizon of, in the 
Cambrians, Proc. 80. 

Oligocene strata of the Isle of Wight, 
Mr. E. T. Newton on a new species 
of Clupea from the, 112. 

Se atts of Madagascar, 346, 
349. 

crystals from basalts of Mada- 

gascar, 346. 

-norite of Madagascar, 342. 

Oolite and Lias, Mr. S. S. Buckman 
on the division between, 440. 

Origin, exogenous, of the granite- 
veins at shear-zones in the Malvern 
Hills, 494. 

Ornithopodous Dinosaur from the 
Cambridge Greensand, 41. 

Ornithopsis, Prof. H. G. Seeley on 
the pelvis of, 391. 

?, Mr. R. Lydekker on a tooth 

of, 227. 

, sp. ?, tooth of, 243. 

Orthoclase-crystals from granite of 
Missouri, 183. 
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Orthonema, character of the genus, 619. 

pygmeum, 618. 

Youngianum, 618. 

Overseal, Permian breccia near, 11. 

Oxford, Messrs. Etheridge and Willett 
on the dentition of Lepidotus maxi- 
mus, Wagner, as illustrated by speci- 
mens from Shotover Hill, near, 356. 

— Clay, Sauropterygian from the, 
near Bedford, 48; Iguanodont 
Dinosaur from the, near Peter- 
borough, 45. 

, of Lincolnshire, 547 ; zones 

of the, 548, 549; fossils of the, 548, 

549; clays above the, 550. 


Packington, Permian rocks at, 10; 
rock-fragments in Permian breccia 
at, 24. 

Paleolithic flint implements, Prof. J. 
Prestwich on the occurrence of, 
in the neighbourhood of Ightham, 
Kent, 270. 


» condition of the, in 
the Ightham district, 286; distri- 
bution of, in the Ightham district, 
280-282. 

Palinuridia scarburgensis, 617. 

Pass Thurn, crystalline rocks of the, 92. 

Patten, Dr. H. B., notes on some of 
the Malvern minerals, 492. 

Pebbles, granitoid, on the Devonshire 
coast, 398. 

Pecten lens, 615. 

Peloneustes philarchus, 50. 

Pentacrinus annulatus, 616. 

Pen Voose, intrusive vein in cliff at, 
538. 

Pen-y-chain, felsites of, 247; cliff- 
section in, 249; stellate spherulitoid 
enclosures in a crack through a 
porphyritic quartz-grain from, 248 ; 
classification of rocks and nodules 
of, 266. 

Perlitic spheroids and concentric 
structures in nodules of the fel- 
stones of the Lleyn, 255. 

Permian rocks of the Leicestershire 
Coal-field, Mr. H. T. Brown on the, 
Ue 


at Newhall Park Colliery, 
4; at Boothorpe Clay-works, 6; at, 
Swadlincote, 7; at Sharpswood 
Farm, 9. 
beds of Leicestershire, 
logical characters of the, 21. 
Perthite-structure, Dr. Lehmann’s 
theory of the origin of, 183. 
Peterborough, Iguanodont Dinosaur 
from the Oxford Clay near, 45. 
Picrite, intrusive, in Alderney, 384. 


litho- 
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Pietra Verde, 97. 

Plan of beach at Speeton, 578. 

Plastron of a Chelonian from the 
Wealden, 511. 

Plateaux, basaltic, formation of great, 
by ordinary volcanic action, 206. 
Plateau-basalts, insufficiency of the 

dyke-fissures as sources of the, 210. 

Plesiochelys Brodiei, 238. 

Pleuroceras, descent of, 653. 

Pleurosternwm, affinities of, 513. 

Plutonic and Volcanic rocks of the 
Western Isles, relations between 
the, 191; Tertiary age of the, 195. 

Polesworth, rock-fragments in Per- 
mian breccia at, 24. 

Porphyritic felspars, growth of, after 
the consolidation and alteration by 
weathering of an igneous rock, 178. 

Prestwich, Prof. J., on the occurrence 
of palzolithic flint implements in 
the neighbourhood of Ightham, 
Kent, their distribution and pro- 
bable age, 270. 

Proboscina incrustans, 567. 

spatiosa, 566. 

, var. brevis, 587. 

, var. brevior, 567. 

Protopharetra, sp., 135. 

Purbeck and Wealden, Mr. R. Lydek- 
ker on Chelonian remains from 
the, 511. 

Pusterthal, crystalline rocks of the, 84. 

Pyroxene-granuliteof Madagascar,344, 

Pyroxenite from Madagascar, 345. 


Quartz-grains, altered, in basalts from 
Madagascar, 353. 

Quartzite in Madagascar, 311. 

(uartzites in Permian breccias of 
Leicestershire, 24, 25. 

Quebec Group of Little Métis, Canada, 
fossil siliceous sponges from the, 
Pros. 84. 


Radiolaria of the London Clay, 121. 

Radiolarian deposits of Barbados, 
646; Radiolaria of the, 647 ; depth 
of formation of the, 648. 

marls of Barbados, age and 
origin of the, 640. 

Raisin, Miss C. A., on some nodular 
felstones of the Lleyn, 247. 

Red Hill Quarry, 370, 372. 

Reptiles, Mesozoic, Mr. R. Lydekker 
on the remains and affinities of five 
genera of, 41. 

Repton Rocks, 14. 

Rhinochelys brachyrhina, 231. 

cantabrigiensis, 230. 

—— elegans, 230. 
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Phinochelys Jessoni, 231. 

macrorhina, 230. 

pulchriceps, 230. 

Rhyolites of Jersey, 388. 

Ridge, sub-triassic anticlinal, of older 
rocks, in the Leicestershire Coal- 
field, 32, 34. 

Roberts, Mr. T., on the Upper 
Jurassic Clays of Lincolnsbire, 545. 

Rocks, crystalline, of the Alps, 67. 

, Dr. F. H. Hatch on the petro- 
graphical characters of some, col- 
lected in Madagascar by the Rev. 
R. Baron, 340. 

—, igneous, Prof. J. W. Judd on 
the growth of crystals in, after 
their consolidation, 175. 

——, volcanic, of Madagascar, 313. 

, Permian, of the Leicestershire 
Coal-field, 1. 

Romanche, glen of the, crystalline 
rocks of, 71, 72, 73, 77. 

Rutley, Mr. F., on fulgurites from 
Monte Viso, 60. 

, on tachylyte from Victoria 

Park, Whiteinch, near Glasgow, 

626. 


Saint Cross, South Elmham, Suffolk, 
Mr. C. Candler on lacustrine 
deposits at, 504. 

Sapcote Freeholt, boring at, 30. 

Sardinia, Dr. G. J. Hinde on Archeo- 
ae and allied genera from, 
125. 

Sauropterygian from the 
Clay near Bedford, 48. 
Schistosity at shear-zones in diorite, 
477; in granite, 477; in felsite, 

477 ; in veined complexes, 478. 

Schists and gneisses of the Alps, 95; 
stratigraphical succession in the, 97. 

——., chloritic, of the ‘‘Thonglim- 
merschiefer” series, analysis of, 
109. 

—— of Madagascar, 311. 

of the Combe de Gavet, micro- 
scopic structure of, 100. 

Scotland, Dr. G. J. Hinde on Archeo- 
eganhus and allied genera from, 
125. 

—, Prof. J. W. Judd on the 
Tertiary volcanoes of the Western 
Isles of, 187. 

Scotland formation of Barbados, 645. 

Seal Chart Common, flint implement 
from, 285. 

Seatown, section at Down Cliffs near, 
452. 

Secondary minerals, production of, 
at shear-zones in the crystalline 
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rocks of the Malvern Hills, 
475. 

Sections :—on the south side of rail- 
way, Newhall Park Colliery, 5; at 
Boothorpe Clay-works, Woodville, 
6; at Swadlincote, 8; in brickyard 
near Sharpswood Farm, 9; in 
Hincks’s Close, Measham, 11 ; from 
Hartshill to Charnwood Forest, 
showing the Sub-Triassic ridge of 
older rocks, 34; at Sapcote t'ree- 
holt, 30; of the ranges of Belle- 
donne and Grandes Rousses, 70; 
showing junction of gneiss with 
Jurassic slate below the Meije 
Glacier, 78; from Briangon over 
the Mont Genévre to the Col de 
Sestrieres, 80; of stratification- 
foliation in calce-mica-schists near 
Col de Sestriéres, 82; of quartz- 
mica-schist from a quarry near 
Brunecken, 85; of tolded calc- 
mica-schist above Windisch-Matrei, 
88; in quarry below castle near 
Mittersill, 91; of the rocks forming 
the summit of Beinn Uaigh, in the 
Isle of Mull, 198; in Pen-y- 
chain, 249; in cliff of baylet, Pen- 
y-chain, 262; of the Ightham 
Valley, 271; of the Shode Valley 
272; from Oldbury Hill to High- 
lands Hill, 272; from Ightham 
Common tv Comp Wood, 272; 
from Shipborne to Hamptons, 
z72; across the valley ot the 
Darent at Eynsford, 289 ; in cutting 
half a mile east of Chilton, 403; 
lithological, through Cader Idris, 
423; at Buckholt Wood, 443; at 
Coaley Wood, 444, 456; at Nibley 
Knoll, 445, 456; in the road at 
Stinchcombe, 446; at Little Sod- 
bury, 446; at Lyncombe, 447; in 
Lodge Hill, 447, note; in Green- 
way Lane and Lyncombe Cutting 
near Bath, 448, 456; at Ham Hill, 
449; at White Lackington Park, 
near Ilminster, 450; at Stoford, 
450; at Burton Bradstock, 451; 
at Down Cliffs, near Seatown, 
Dorset, 452; comparative vertical, 
ot the Cotteswold, Midford, and 
Yeovil Sands, 456 ; comparative, of 
the strata of the Cutteswold and 
the Sherbome District, 456 ; hori- 
zontal, of the Inferior Oolite and 
Liassic series, 468; of shear-zone 
above West Malvern, 478; of 
shear-zone at south end of Swin- 
yard’s Hill, 482; in Saint-Cross 
brickyard, 505; in Hoxne brickfield, 
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508; of serpentinous stream in horn- 
blende-schist of the Lizard, 527; 
showing passage of water through 
banded hornblende-schists, 5380; of 
intrusive vein in cliff at Pen Voose, 
588 ; of diorite- and granite-dykes, 
intrusive in serpentine, Kennack 
Cove, 540; of quarry in the 
Inferior Oolite, Shipton Gorge, 
562; of beds at Speeton, 618. 

Sedimentary rocks of Madagascar, 
324. 

Seeley, Prof. H. G., on the pelvis of, 
Ornithopsis, 391. 

Serpentine, diorite- and granite- 
dykes intrusive in, Kennack Cove, 
540, 

Sestriéres, Col de, section from Bri- 
ancon to the, through the Mont 
Genévre, 80: section of the, 81. 

—-—, stratification-foliation in calec- 
mica-schist near, 82. 

Sharkham Point, 375. 

Sharpswood farm, section in brick- 
yard near, 9. 

Shear-zones, Dr. C. Callaway on the 
production of secondary mineralsat, 
in the crystalline rocks of the Mal- 
vern Hills, 475. 

, structural and mineral change 
produced at, 476. 

Sherborne District, comparative ver- 
tical sections of the strata of the 
Cotteswold and the, 456. 

, section through, 468. 

Shillamill elvan, microscopic charac- 
ters of the, 400. 

Shipborne, section from, to Hamptons, 
272. 

Shipton Gorge, Dorset, Mr. E. A. 
Walford on Bryozoa from the 
Inferior Oolite of, 561. 

, section in quarry in, 


562. 

Shode basin, higher gravels of the, 
flint implements from the, 284. 

, viver-drifts of the, 273, 276; - 

origin of the, 278; flint imple- 

ments belonging to the, 283. 

Valley, sections of the, 272. 

Shotover Hill, near Oxford, the den- 
tition of  Lepidotus maximus, 
Wagner, as illustrated by speci- 
mens from the Kimeridge Clay of, 
306. 

Shrubsole, Mr. W. H., on the Radio- 
laria of the London Clay, 121. 

Silica, colloid, in the Lower Chalk of 
Berkshire and Wiltshire, 403. 

Slate west of Freney, microscopic 
structure of, 102. 
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Slates, gritty and flinty, in Permian 
breccias of Leicestershire, 24, 25. 

Sodbury District, 453. 

Sonninia, descent of, 651; genealo- 
gical table of, 655. 

, Mr. S. S. Buckman on the 

descent of, 651- 

acanthodes, 658. 

subtrigonata, 659. 

South Elmham, Mr. C. Caudler on 
lacustine deposits at Saint Cross, 
504. 

Spain, Dr. G. J. Hinde on Archeo- 
cyathus and allied genera from, 
125. 

Speeton Clay, Mr. G. W. Lamplugh 
on the subdivisiens of the, 575. 

, fossils of the, 609. 

Speeton, clifi-section at, 576; shore 
exposures at, 577; plan of the 
beach at, 578; vertical sections at, 
581; Upper Kimeridge at, 582; 
coprolite-bed, 583; Zone of Belem- 
nites lateralis at, 585; zone of 
Belemnities jaculum at, 592; zone 
of Belemnites semicanaliculatus at, 
599; zone of Belemnites minimus 
at, 602, 

Sphera madagascariensis, 336. 

Sphene, near Malvern, 490. 

Spherulites from the felstones of the 
Lleyn, 257. 

Spicules, siliceous, in the ‘‘Malm- 
stones” of Surrey, Hampshire. 
and Berkshire, 406. 

Spirocyathus atlenticus, 136. 

Sponge-spicules in the “ Malmstones” 
of Hampshire, Berkshire, and 
Surrey, 406. 

Sponge-structure in the Lower Chalk 
of Berkshire and Wiltshire, 407. 

Spongodiscus asper, 123. 

Springs, thermal, of Madagascar, 
322. 

Stegocelia, character of the subgenus® 


Stephanoceras (Ammonites) Herveyi, 
334. 

Stinchcombe, section at, 446. 

Stockingford Shales, outcrop of, at 
Elmesthorpe, 30. 

Stockley, microscopic characters of 
Lower Chalk from, 410. 

Streams, serpentinous, in hornblende- 
schists of the Lizard, 526. 

Stoford, section at, 450. 

Stomatopora dichotoma, 563. 

dichotomoides, 564. 

, var. attenuata, 564. 

porrecta, 569. 

spinata, 564. 
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Stomatopora sp., 565. 

Stomechinus bigranularis ?, 338. 

Stonepit, flint implements from, 285. 

Stratification-foliation in cale-mica- 
schist near Col de Sestriéres, 82. 

Stratigraphy of the Leicestershire 
Coal-field, 1. 

Streatham boring, Mr. W. Whitaker 
on the results of the, Proc. 2, 4. 
Suffolk, Mr. C. Candler on lacustrine 

deposits at Saint Cross, Elmham, 
in, 504. 
Sulphur in Madagascar, 327. 
Swadlincote, section at, 8; Permian 
rocks at, 7. 
Swinyard’s Hill, section of 
zone at south end of, 482. 
Syngonosaurus macrocercus, 41. 


shear- 


Table correlating Jurassic beds in 
various localities, 460. 

of distribution of Hildoceratide 

in ‘“ Toarcian ” beds, 461-463. 

of zones in the “ Toarcian ” 

series, 469. 

of fossils from the black seleni- 

tiferous clays above the Oxford 

Clay of Lincolnshire, 556. 

of minerals in the hornblende- 
schists of the Lizard, 522; in the 
granulitic group of the Lizard, 532; 
in the intrusive diorites of the 
Lizard, 534. 

Tachylyte, Mr. T. T. Groom on a, 
associated with the gabbro of 
Carrock Fell, 298. 

from Carrock Fell, analysis of a, 
298; microscopic characters of, 299; 
relation of, to the gabbro, 301; 
age of, 302; comparisons of, with 
other basic glassy rocks, 302. 

Teall, Mr. J. J. Harris, Award of the 
Bigsby Medal to, Proc. 35. 

Temperature of metamorphism, 499. 

Tertiary fossils from Madagascar, 
dol. 

age of plutonic and volcanic 
rocks of the Western Isles, 195. 

Thermal springs of Madagascar, 322. 

Theropodous Dinosaur from the Weal- 
den, 44. 

* Thonglimmerschiefer ” series, micro- 
scopic structure of the rocks of the, 
105; analyses of chloritic schists of 
the, 109. 

of the Eastern Alps, 84. 

“ Toarcian ” beds, table of distribution 
of Hildoceratide in, 461-463. 

, grounds of separation of the,464. 

, table of Ammonite-zones in the, 

469. 
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«* Toarcien,” 460. 

Tonalite-gneiss of Madagascar, 341. 

Torbay, voleanic rocks of, 374. 

Totnes, Ashprington volcanic series 
near, 372. 

Trachytes of Madagascar, 354. 

Trap-granulite of Madagascar, 344. 

Trichites in brown glass of basalts 
from Madagascar, 354. 

Trichospongia, 145. 

Trigonocrinus liratus, 161. 

Trochocyathus conulus, 616. 

Trochus pulcherrimus, 615. 

Tubulipora spatiosa, 567. 

Tuff, block of, showing included slate- 
fragments, from Tyrau Mawr, 428 ; 
compressed, containing fragments 
of vesicular and perlitic lavas, from 
Craig-y-Llam, 430. 

, with felspar-crystals and frag- 
ments of slate and vesicular-glass, 
from Tyrau Mawr, 428. 

Tuffs and sedimentary deposits of 
Cader Idris, 423, 

-ana lavas of the Western Isles, 
subaerial origin of the, 195. 

Turin, traverse from Briancon to, 


Tos, 

Tyrau Mawr, tuff with felspar-crystals 
and fragments of slate and vesicular 
glass from, 428; block of tuff 
showing included slate-fragments, 
from, 428. 


United States, Western Territories of 
the, mode of formation of the lava- 
fields of the, 212. 

Upton, microscopic characters of 
Lower Chalk from near, 408. 


Val Chisone, microscopic structure of 
the gneisses of the lower part of 
the, 103. 

Veined complexes, schistosity in, at 
shear-zones, 478. 

Velber-Tauern district, microscopic 
structure of the “‘ Central Gneiss” 
of the, 104. 

—-— pass, gneisses of the, 90. 

Vénéon, valley of the, 72, 74. 

Victoria Park, Whiteinch, near Glas- 
gow, Mr. F. Rutley on tachylyte 
from, 626. 

Vizille, microscopic structure of mica- 
schist from, 100. 

-——., traverse from, to Bourg d’Ois- 
ans, 71. 

Volcanic ash in Permian breccias of 
Leicestershire, 24, 26. 

rocks of Madagascar, 345. 

Q. J. G. 8. No. 180. 
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Volcanic series of Madagascar, older, 
313; newer, 315. 

and Plutonic rocks of the West- 

ern Isles of Scotland, relations 

between the, 191; ertiary age of 

the, 195. 

rock, stratified, in Permian 

breccias of Leicestershire, 25. 

rocks of Dartmoor, Mr. R. N. 
Worth on the, 398. 

—— series, Ashprington, of South 
Devon, (the late) Mr. A. Champer- 
nowne on the, 369. 

Volcanoes, existence in the Western 
Isles of great, which have been 
dissected by denudation, 201. 

, Tertiary, of the Western Isles 

of Scotland, Prof. J. W. Judd on 

the, 187. 


Walford, Mr. E. A., on some Bryozoa 
from the Inferior Oolite of Shipton 
Gorge, Dorset, 561. 

Water, action of, upon hornblende- 
schists of the Lizard, 525-531. 

, action of, when pure and when 
saturated with carbonic-acid gas, on 
the minerals of the mica-family, 363. 

Wealden, plastron of a Chelonian from 
the, Sit 

, Theropodous Dinosaur from 
the, 44. 

——and Purbeck, Mr. R. Lydekker 
on Chelonian remains from the, 511. 

“Weisser Jura” of Bavaria, Mr. F. 
A. Bather on Trigonocrinus, a new 
genus of Crinoidea from the, 149. 

West Malvern, shear-zone above, 
section of, 478. 

Western Alps, crystalline rocks of the, 
69. 


, microscopic structures in 

crystalline rocks of the, 100. 

Isles of Scotland, Prof. J. W. 
Judd on the Tertiary Volcanoes of 
the, 187. 

Whitaker, Mr. W., on the results of 
the Streatham boring, Proc. 2, 4. 
Whiteinch, near Glasgow, tachylyte 

from, 626. 

White Lackington Park, near Ilmin- 
ster, section at, 450. 

White Whin vein, Victoria Park, 
Whiteinch, analysis of, 631. 

Willett, Mr. H., and Mr. R. Etheridge, 
on the dentition of Lepidotus max- 
imus, Wagner, as illustrated by 
specimens of the Kimeridge Clay 
of Shotover Hill, near Oxford, 
306. 

3D 
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Wiltshire and Berkshire, Messrs. W. 
Hilland A. J. Jukes-Browne on the 
occurrence of colloid silica in the 
Lower Chalk of, 403. 

Windmill Spinney, supposed Upper 
Coal-measures of, 20. 

Windisch-Matrei, crystalline rocks 
near, 86. 

Witchellia, descent of, 658. 

leviuscula, 658. 

Wollaston Donation Fund, Award of 
the, to Mr. A. Smith Woodward, 
Proc: st. 

Goid Medal, Award of the, to 
Prof. T. G. Bonney, Proc. 30. 

Woodville, rock-fragments in Permian 
breccia at, 24. 

, section at Boothorpe Clay-works, 


? 


6. 


GENERAL INDEX. 


Woodward, Mr. A. Smith, Award of 
the Wollaston Donation Fund to, 
Prog: ai: 

Worth, Mr. R. N., on the elvans and 
voleanic rocks of Dartmoor, 398. 
Wotton-under-Edge, section through, 

468. 


Yeovil, Midford, and Cotteswold 
Sands, Mr. 8. S. Buckman on the, 
440), 

— Sands of the Dorset-Somerset 
District, 454. 

Yorkshire, Dogger Sands of, 471. 


Zell, crystalline rocks near, 93. 
Zillerthal, crystalline rocks of the, 
92. 
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GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1888-89. 


November 7, 1888. 
W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 


Daniel Clague, Esq., 81 Lime Grove, Liverpool, was elected a 
Fellow, and Professor C. Renevier of Lausanne, a Foreign Member 
of the Society. 


The List of Donations to the Library was read. 


A collection of Auriferous rock-specimens from the Transvaal, 
South Africa, was presented to the Museum by Alfred Woodhouse, 
Esq., F.G.8. 

The following communications were read :— 


1. “The Permian Rocks of the Leicestershire Coal-field.” By 
Horace T. Brown, Hsq., F.G.8. 


2. ‘On the Superficial Geology of the Central Plateau of North- 
western Canada.” By J. B. Tyrrell, Esq., B.A., F.G.S., Field 
Geologist of the Geological and Natural History Survey of Canada*. 


Specimens of rocks, microscopic sections, and photographs were 
exhibited by H. T. Brown, Esq., F.G.S., in illustration of his paper. 


November 21, 1888. 
W. T. Branrorp, LL.D., F.R.S., President, in the Chair. 


Thomas Charles Townsend, Esq., M.Inst. C.E., 22 Halford Road, 
Richmond, 8.W., was elected a Fellow of the Society. 


The List of Donations to the Library was read. 
The names of certain Fellows of the Society were read out for 


* This paper has been withdrawn by permission of the Council. 
VOL. XLV. a 
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the first time, in conformity with the Bye-Laws Sect. VI 3, Art. 6, 
in consequence of the non-payment of the arrears of their contri- 
butions. 


W. Whitaker, Esq., B.A., F.R.S., F.G.8., who exhibited a series of 
specimens from the deep boring at Streatham, made some remarks 
upon the results obtained, of which the following is an abstract :— 


After passing through 10 feet of gravel &c., 153 of London Clay, 
884 of Lower London Tertiaries, 623 of Chalk (the least thickness 
in any of the deep borings in and near London), 283 of Upper 
Greensand, and 1884 of Gault, at the depth of 10812 feet hard 
limestone, mostly with rather large oolitic grains, was met with. 
This, with alternations of a finer character, sandy and clayey, lasted 
for only 383 feet, being much less than the thickness of the Jurassic 
beds, either at Richmond or at Meux’s boring. In general cha- 
racter the cores showed a likeness to the Forest Marble, and the 
occurrence of Ostrea acuminata agreed therewith. 

At the depth of 1120 feet the tools entered a set of beds of much 
the same character as those that had been found beneath Jurassic 
beds at Richmond, and beneath Gault at Kentish Town and at 
Crossness. The softer and more clayey components were not brought 
up; the harder consist of fine-grained compact sandstones, greenish 
grey, sometimes with purplish mottlings or bandings, and here and 
there wholly of a dull reddish tint. With these there occur hard, 
clayey, and somewhat sandy beds, which are not calcareous, whilst 
most of the sandstones are. Thin veins of calcite are sometimes to 
be seen, and at others small concretionary calcareous nodules ; but 
no trace of a fossil has been found. The bedding is shown, both by 
the bands of colour and by the tendency of the stone to fracture, 
to vary generally from about 20° to 30°. 

In the absence of evidence it is hard to say what these beds are, 
and the possibilities of their age seem to range from Trias to De- 
vonian. It is to be hoped that this question may be solved, as on 
it depends that of the possibility of the presence of Coal-measures 
in the district; and Messrs. Docwra, the contractors of the works, 
have with great liberality undertaken to continue the boring-opera- 
tions at their own expense for at least another week. 

Details of the section will be given in a forthcoming Geological 
Survey Memoir, in which, moreover, the subject of the old rocks 
under London will be treated somewhat fully. 


DiscussIon. 


The PRESIDENT inquired how much had been accomplished during 
the last week. 

Prof. Jupp had not much to add to Mr. Whitaker’s statement. 
He noticed a great similarity in character to the rocks of the 
Richmond boring ; but at Streatham the Mesozoic beds were thinner. 
If an appeal was made to the scientific world, it should be done at 
once;-1t would be difficult to ask for assistance if the present 
character of the work was maintained. 
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Mr. Warraker said that, under favourable circumstances, 30 feet a 
week could be accomplished. He had not much hope of a change 
in the character of the rocks. 


The following communications were read :— 


1. ‘“‘ Notes on the Remains and Affinities of five Genera of Meso- 
zoic Reptiles.” By R. Lydekker, Esq., B.A., F.G.S. 

2. “ Notes on the Radiolaria of the London Clay.” By W. H. 
Shrubsole, Esq., F.G.S. 


3. ** Description of a new Species of Clupea (C. vectensis) from Oli- 
gocene Strata in the Isle of Wight.” By HE. T. Newton, Hsq., F.G.S. 


The following specimens were exhibited :— 


Specimens exhibited by R. Lydekker, Esq., F.G.S., and W. H. 
Shrubsole, Esq., F.G.S., in illustration of their papers. 

Specimens of Clupea exhibited by G. W. Colenutt, Esq., in 
illustration of the paper by HE. T. Newton, Hsq., F.G.S. 

Specimens from the Streatham boring, exhibited by W. Whitaker, 
Esq., F.R.S., F.G.S. 


December 5, 1888. 


W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 


John Wallwork Ashworth, Esq., Surgeon, Thorn Bank, Heaton 
Moor, near Stockport ; James Chanter Blackmore, Esq., 11 Goldney 
Road, Clifton, Bristol; Gerard Weedon Butler, Esq., B.A., Blenheim 
Lodge, Surbiton, Surrey ; Alfred Crompton, Esq., Holly Hall, Dud- 
ley; Major Frederick Hamley Fawkes, Upton Park, Slough; Harry 
Seymour Foster, Esq., Sutton Court, Sutton, Surrey; Charlies Jesse 
Gilbert, Esq., Manor Hill, Sutton Coldfield; the Rev. John More 
Gordon, St. John’s Vicarage, Redhill; John Richardson Hewitt, 
Ksq., Albaston, near Derby ; Albert Frank Stanley Kent, Esq., B.A., 
33 New Street, Salisbury; the Rev. Thomas 8. King, 9 Grange 
Road, Sheffield; C. W. Langtree, Esq., Secretary for Mines and 
Chief Mining Surveyor of Victoria, Mining Department, Melbourne ; 
the Rev. James Lindsay, M.A., B.Sc., B.D., Springhill Terrace, Kil- 
marnock, N.B.; Reginald A. F. Murray, Esq., Government Geo- 
logist of Victoria, Mining Department, Melbourne; Max Prado, 
Esq., 117 Calle de los Estudios, Lima, Peru; W. H. J. Slee, 
Ksq., Government Inspector of Mines and Superintendent of Drills, 
Department of Mines, Sydney, New South Wales; James John 
Talman, Esq., Assoc. M.Inst.C.E., 12 Delahay Street, Westminster, 
S.W.; and Professor A. P. W. Thomas, M.A.,, University College, 
Auckland, New Zealand, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following names of Fellows of the Society were read out for the 
second time in conformity with the Bye-Laws, Sect. VI. B, Art. 6, 
in consequence of the non-payment of the arrears of their con- 
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tributions :—E. K. Binns, Esq.; W. Blakemore, Esq.; A. D. Dobson, 
Esq.; W. Frechville, Esq.; A. Goodger, Esq.; J. Hadkinson, Esq. ; 
H. Johnson, Esq.; G. B. Nichols, Esq.; W.G. Olpherts, Esq.; J. 
Richardson, Esq.; G. E. Thoms, Esq.; J. H. Tompson, Esq.; R. 
B. White, Esq.; and Dr. W. H. Wilson. 


The following communications were read :— 


1. “ Notes on two Traverses of the Crystalline Rocks of the Alps.” 
By Prof. T.°G. Bonney, D:Sc., LADS Panes EGes. 


2. ‘On Fulgurites from Monte Viso.” By Frank Rutley, Hsq., 
F.G.S., Lecturer on Mineralogy in the Royal School of Mines. 


3. “On the Occurrence of anew form of Tachylyte in association 
with the Gabbro of Carrock Fell, in the Lake District.” By T. T. 
Groom, Esq. (Communicated by Prof. T. M°K. Hughes, M.A., F.G.S.) 


Mr. WairakerR made some remarks upon specimens obtained by 
the continuation of the Streatham boring from 1250 to 1258 feet. 
In the lowest two feet reached the rock changed in character to a 
hard grey micaceous sandstone containing carbonaceous fragments ; 
a little higher up (at 1255 feet) some small objects, believed to be 
fish-remains, occurred in a sandstone slightly differing from that 
met with in the previous part of the boring. The age of these 
rocks was, however, said to be still uncertain. 


The following specimens were exhibited :— 

Rock-specimens and microscopic sections, exhibited by Prof. T. G. 
Bonney, D.Sc..F.R.8., F.G.8., in illustration of his paper. 

Smoothed and striated Pebbles from the Salt Range in the Punjab, 
probably Glacial, and of Carboniferous or Permian Age, exhibited 
by the President for R. D. Oldham, Esq., F.G-.S. 

Section of a Chalcedonified Tree-trunk from Arizona, U.S.A., 
exhibited by W. H. Preece, Esq., F.R.S. 

Specimens and microscopic sections of Fulgurites, exhibited by 
Frank Rutley, Esq., F.G.S., in illustration of his paper. 

Specimens and microscopic sections, exhibited by T. T. Groom, 
Ksq., in illustration of his paper. 

Specimens from the bottom of the Streatham boring, exhibited by 
W. Whitaker, Esq., B.A., F.R.S., F.G.S. 


December 19, 1888. 
W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 


W. J. Lewis Abbott, Esq., 198 Camden Road, N.W.; John 
Seacome Burrows, Esq., Yew Tree House, Atherton, near Man- 
chester ; John William Evans, Esq., LL.B., B.Sc., 85 Bethune Road, 
N.; the Rev. Samuel Gasking, 77 Ling Street, Edgehill, Liverpool ; 
Charles Francis Heathcote, Esq., ‘‘ Clifton,”’ Lewisham Road, Upper 
Norwood, S.E.; Clarence Hudson, Esq., Dowston Castle, Delph, 
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Oldham ; Bedford MacNeill, Esq., A.R.S.M., 29 North Villas, Cam- 
den Square, N.W.; Matthew Marshall, Esq., B.A., Queen’s College, 
Cambridge; and Francis Fielder Walton, Esq., 10 Charlotte Street, 
Hull, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The Secretary announced that two slides of Radiolaria from 
the London Clay of Sheppey had been presented to the Museum by 
W. H. Shrubsole, Esq., F.G.S., in illustration of the paper read by 
him on November 21, 1888. 


The following communications were read :— 


1. “ Trigonocrinus, a new Genus of Crinoidea from the ‘ Weisser 
Jura’ of Bavaria, with the description of a new Species, 7’. liratus ; 
Appendix I. Sudden deviations from normal symmetry in Neocri- 
noidea; and Appendix II. Marsupites testudinarius, Schl., sp.” 
By F. A. Bather, Esq., B.A., F.G.S. 


2. “On Archeocyathus, Billings, and on other Genera allied 
thereto, or associated therewith, from the Cambrian Strata of North 
America, Spain, Sardinia, and Scotland.” By Dr. G. J. Hinde, F.G.S. 


3. “On the Jersey Brick-Clay.” By Dr. Andrew Dunlop, F.G.S. 


The following specimens were exhibited :— 


A model of Trigonocrinus, exhibited by F. A. Bather, Esq., F.G.S., 
in illustration of his paper. 

Specimens and microscopic sections of Archwocyathus, Coscino- 
cyathus, Spirocyathus, Calathium, and other genera from the Cam- 
brian strata of North America and Sardinia, and from the Durness 
Limestone of Sutherland (by permission of the Director-General of 
the Geological Survey), exhibited by George J. Hinde, Ph.D., 
F.G.S., in illustration of his paper. 

Specimens of Jersey Brick-Clay, exhibited by Andrew Dunlop, 
M.D., F.G.S., in illustration of his paper. 

Specimen and microscopic section of vitrified Brick from Guernsey, 
exhibited by the Rev. Edwin Hill, F.G.S. 


January 9, 1889. 
H. Woopwarp, LL.D., F.R.S., Vice-President, in the Chair. 


The Rev. Edward Maule Cole, M.A., The Vicarage, Wetwang, 
York; Charles Gurney Thompson, Esq., St. Patrick’s, Crystal 
Palace Park Road, Sydenham, S8.E.; and Cunninghame Wilson- 
Moore, Esq., Assoc. Memb. Inst. C.E., Barberton, Transvaal, were 
elected Fellows of the Society. 


The List of Donations to the Library was read. 


The Secretary announced that the following works ordered by 
the Council to be purchased were on the table :— 
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Die Korallenriffe der Sinaihalbinsel—geologische und biologische 
Beobachtungen, von J. Walther; Die geognostichen Verhiltnisse der 
Gegend von Krakau, von E. Tietze; Les minéraux des Roches, par 
A. Michel Lévy et A. Lacroix; Anleitung zu wissenschaftlichen 
Beobachtungen auf Reisen, von G. Neumayer (Band 1 u. 2); Intro- 
ductory Text-book of Geology, by D. Page (12th edition, by C. 
Lapworth.) 


The following communications were read :— 


1. “On the Growth of Crystals in Igneous Rocks after their 
Consolidation.” By Prof. J. W. Judd, F.R.S., F.G.S. 


2. “The Tertiary Volcanoes of the Western Isles of Scotland.” 
By Prof. J. W. Judd, F.R.8., F.G.S. 


The following specimens were exhibited :— 


Microscopic section and Rock-specimens, exhibited by Prof. J. W. 
Judd, F.R.S., F.G.8., in illustration of his paper. 

Five Globes to illustrate an ‘ Essay on Physical Geography and 
Geology,’ by Jobn Thornhill Harrison, Esq., M.Inst.C.E., F.G.S., 
and presented by him to the Society. 


January 23, 1889. 
W. T. Branrorp, LL.D., F.R.S., President, in the Chair. 


Andrew Gibb Maitland, Esq., Geological Survey of Queensland, 
Brisbane, Queensland ; John Millie, Esq., Echo Bank, Inverkeithing, 
N.B.; John Ashton Osborn, Esq., Westward Ho!, Clacton-on- 
Sea; James Parkinson, Esq., F.C.S., Victoria, British Columbia; 
and Carl Heinrich Trinks, Esq., 40 Ainger Road, Primrose Hill, 
N.W., were elected Fellows ; the Marquis Gaston de Saporta, Aix-en- 
Provence, a Foreign Member; and Dr. Hans Reusch, Christiania, 
a Foreign Correspondent of the Society. 

Visitors having withdrawn, the President announced that he, as 
Chairman of the Council, had, on the 10th January last, given 
notice to one of the Secretaries of the intention of the Council to 
move certain enactments, alterations, and repeals of the Bye-Laws of 
the Society. In accordance with Section XI. Article 8 of the Bye- 
Laws, the President was proceeding to read the proposed alterations 
servatim, when it was moved by a Fellow of the Society, that as the 
proposed alterations were already in the hands of all Fellows present 
in a printed form, they should be taken as having been read. No 
Fellow dissenting, the President then declared that the motion of 
the Council had been duly read in compliance with Section XI. 
Article 8 of the Bye-Laws. 


The following communications were read :— 


1. “On the prevailing Misconceptions regarding the Evidence 
which we ought to expect of former Glacial Periods.” By Dr. James 
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Croll, F.R.S. (Communicated by Prof. T. G. Bonney, D.Sc., F.R.S., 
F.G.8.) 


2. “On Remains of Eocene and Mesozoic Chelonia, and on a 
Tooth of (?) Ornithopsis.” By R. Lydekker, Esq., B.A., F.G.S. 


3. “ On the Dentition of Lepidotus maximus, Wagn., as indicated 
by specimens from. the Kimeridge Clay of Shotover Hill, near 
Oxford.” By R. Etheridge, Esq., F.R.S., F.G.S., and H. Willett, 
Ksq., F.G.S. 


The following specimens were exhibited :— 


Specimens and casts, exhibited by R. Lydekker, Esq., F.G.S., in 
illustration of his paper. 

Specimens of the dentition of Lepzdotus maximus, Wagn., exhi- 
bited by R. Etheridge, Esq., F.R.S., F.G.S., and H. Willett, Esq., 
F.G.S., in illustration of their paper. 


February 6, 1889. 
W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 


Samuel Chadwick, Esq., Mount Pleasant, Malton, Yorkshire ; 
Percy Fry Kendall, Esq., 31 Parkfield Street, Moss Side, Man- 
chester; and Hugh Sidney Streatfeild, Esq., The Limes, Leigham 
Court Road, Streatham, S.W., were elected Fellows of the Society. 


The List of Donations to the Library was read. 


Visitors having withdrawn, the President, in accordance with 
Section XI. Art. 8 of the Bye-Laws, read the motion of the Council 
relating to the proposed alterations in the Bye-Laws a second time. 
A notice of motion signed by Mr. T. V. Holmes and twelve other 
Fellows of the Society, and likewise one signed by Dr. George J. 
Hinde and nine other Fellows of the Society, were read by the Pre- 
sident from the Chair in accordance with Sect. XI. Art. 8 of the 
Bye-Laws. 


The following communication was read :— 


“On the Occurrence of Paleolithic Flint Implements in the 
neighbourhood of Ightham, Kent, their Distribution and probable 
Age.” By Joseph Prestwich, D.C.L., F.R.S., F.G.S. 


A Collection of Flint Implements was exhibited by Messrs. B. 
Harrison and De Barri Crawshay, to illustrate the paper by Prof. J. 
Prestwich, D.C.L., F.R.S., V.P.G.S. 


ANNUAL GENERAL MEETING, 


February 15, 1889. 
Dr. W. T. Branrorp, F.R.S., President, in the Chair. 


Report oF THE CouNncIL FoR 1888. 


In presenting their Report for the year 1888, the Council have 
again the pleasure of being able to congratulate the Fellows upon 
the continuance of the prosperity of the Society. The Income of 
the Society was considerably larger than in 1887, so that, even 
after the Investment of a sum of about £160, a respectable balance 
remains at the credit of the Society. 

The number of Fellows elected during the year is 68, of whom 49 
paid their fees before the end of the year, making with 3 previously 
elected Fellows, who paid their fees in 1888, and 2 Fellows re- 
admitted without payment of Entrance-fee, a total accession during 
the year of 54 Fellows. During the same period, however, there 
was a loss by death (ascertained) of 59 Fellows, and by resig- 
nation of 15 Fellows, while 23 Fellows were removed from the List 
for non-payment of their annual contributions, making a total loss 
of 97 Fellows. There is thus an actual decrease of 43 in the total 
number of Fellows of the Society. This diminution is entirely 
accounted for by two items :—(1) the deaths include the names of 
28 Fellows who died in former years, but whose decease has only 
recently been ascertained ; (2) the number of names removed exceeds 
the average of the last five years by 16, owing to the Council having 
carried out the Bye-Laws relating to arrears more strictly. Of the 
59 Fellows deceased, 8 were Compounders, 17 Contributing Fellows, © 
and 34 Non-contributing Fellows. Owing to 7 Contributing Fellows 
haying compounded for their subscriptions during the year, the 
number of Contributing Fellows is reduced by 8, being now 832. 

The total number of Fellows, Foreign Members and Foreign 
Correspondents was 1413 at the end of the year 1887, and 1373 at 
the close of 1888. 

At the end of the year 1887 there were 3 vacancies in the List of 
Foreign Members, and in the course of the year 1888 intelligence 
was received of the death of 2 Foreign Members. During the year 
4 Foreign Members were elected. At the close of 1887 there were 
also 2 vacancies in the List of Foreign Correspondents, and the 
filling up of 4 of those among the Foreign Members produced in all 
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6 vacancies in the List of Foreign Correspondents, 5 of which were 
filled up during the year. Thus, at the close of the year 1888, 
there was 1 vacancy in the List of Foreign Members of theSo ciety, 
and 1 in that of its Foreign Correspondents. 

The total Receipts on account of Income for the year 1888 
were £2866 16s. 10d., being £339 15s. 6d. more than the estimated 
Income for the year. The ordinary current Expenditure of the year, 
leaving out of account the sum of £159 9s. 2d. expended in the 
purchase of £164 7s. 3d. Consolidated 22 per cent. Stock, was £2580 
6s. 11d., being £69 6s. 11d.in excess of the Estimate. The actual 
excess of Receipts over Expenditure during the year amounted to 
£286 9s. 1ld., and the Balance in favour of the Society to £248 
12s. 5d. 

In accordance with the announcement made in the Report of the 
Council for 1887, the Council early in the past year (on March 14, 
1888) appointed a Committee to consider whether any, and what, 
alterations in the Bye-Laws of the Society were necessary or desir- 
able. The Committee, which consisted of the President, with 5 
Members of the Council, and 5 Fellows not at the time on the 
Council, met several times in the course of the summer and formu- 
lated a considerable number of suggested alterations. Their final 
Report was submitted to the Council at the first Meeting of the 
present Session on 7th November, 1888, discussed at the two suc- 
ceeding Meetings, and finally, on the 5th December, 1888, referred 
to the ‘Society’ s Solicitor, with instructions to submit it to an Equity 
Draughtsman, in order to obtain a legal opinion upon the alter- 
ations proposed, and as to the forms to be observed in carrying 
them into operation. Counsel’s suggestions having been considered 
by the Council on the 9th January 1889, and for the most part 
adopted, the existing Bye-Laws and the proposed alterations were 
ordered to be printed and sent out to the Fellows of the Society, 
and on the 23rd January the requisite notice was given from the 
Chair at the Ordinary Evening Meeting. The Special General 
Meeting for the discussion of the alterations proposed will be called 
as soon as all the necessary formalities have been gone through. 

In the month of September last the International Geological 
Congress held its fourth Meeting in London, when the Society’s 
House was visited by many Foreign Geologists, several of whom 
passed a considerable amount of time in the examination of speci- 
mens contained in the Collections. During the Meeting the Presi- 
dent held a reception in the rooms of the Society; this was very 
largely attended, and appeared to cause great satisfaction to the 
visitors. 

The Council have to announce the completion of Vol. XLIV., 
and the commencement of Vol. XLV. of the Society’s Quarterly 
Journal. 

The Council have awarded the Wollaston Medal to Prof. T. G. 
Bonney, D.Sc., F.R.S., in recognition of the important services 
rendered by him to Geological Science, especially in the Department 
of Petrology. 
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The Murchison Medal, with the sum of Ten Guineas from the 
proceeds of the Fund, has been awarded to Prof. James Geikie, 
LL.D., F.RS.L. & E., in recognition of the value of his researches 
in various departments of Geology, especially in connexion with 
Glacial Phenomena. 

The Lyell Medal, with a sum of Twenty-five Pounds from the 
proceeds of the Fund, has been awarded to Prof. W. Boyd-Dawkins, 
M.A., F.R.S., in testimony of appreciation of his Paleontological 
investigations, especially in relation to the Fossil Mammalia. 

The Bigsby Medal has been awarded to Mr. J. J. Harris Teall, 
M.A., F.G.8., in acknowledgment of the importance of his investi- 
gations into the structure and composition of Rocks, and of the 
value of his Petrographic work. 

The balance of the proceeds of the Wollaston Donation Fund has 
been awarded to Mr. Arthur Smith Woodward, F.G.S., in token of 
appreciation of his excellent work in fossil Ichthyology, and to 
assist him in the further prosecution of his researches. 

The balance of the proceeds of the Murchison Geological Fund 
is awarded to Mr. Grenville A. J. Cole, F.G.S., as a testimony to 
the value of his petrological work, and to aid him in further carry- 
ing on his investigations. 

The Balance of the proceeds of the Lyell Geological Fund has 
been awarded to M. Louis Dollo, in recognition of the importance 
of his work upon the Wealden Reptilia of Belgium in connexion 
with the Royal Museum at Brussels, and to aid him in the further 
prosecution of his researches. 
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Report oF THE LipRarRyY AND Musrum CommMIttTEEr. 


Lnbrary. 


Since the last Anniversary Meeting a great number of valuable 
additions have been made to the Library both by donation and by 
purchase. 

As Donations the Library has received about 125 volumes of 
separately published works and Survey Reports, and 373 pamphlets 
and separate impressions of Memoirs, besides about 123 volumes 
and 149 parts of the publications of various Societies. Further, 
17 volumes of independent Periodicals, presented chiefly by their 
respective Editors, and 18 volumes of Newspapers have been re- 
ceived. This constitutes a total addition to the Society’s Library, 
by donation, of about 320 volumes and 373 pamphlets. 

A great number of Maps, Plans, and Charts have been added 
to the Society’s Collection by presentation, chiefly from the Ord- 
nance Survey of Great Britain, whose donations amount to 1147 
sheets, large and small. From the French Dépét de la Marine 
37 sheets of charts and coast-plans have been received. 

Of Geological-Survey publications the Society has received a 
considerable number. From the Geological Survey of Great Britain 
84 sheets of Maps and Sections; 2 sheets from the Geological Survey 
of Bavaria, 7 from that of Saxony, 1 from that of Italy, 2 from that 
of Finland, and 1 from that of Russia; from the Roumanian Geolo- 
gical Bureau 5 sheets have been received, and from more distant 
regions 2 from the Geological Survey of New Jersey, and 9 from the 
Imperial Geological Survey of Japan. The Society has further re- 
ceived a copy of a sheet of the Geological Map of Europe prepared. 
by M. Hauchecorne for the International Geological Congress, and 
coloured in accordance with the system proposed to be adopted by 
that body ; and, from individual donors, a geological Map of the 
Bath District by Mr. H. B. Woodward, and one of the Rayan depres- 
sion in Egypt by Mr. Cope Whitehouse. 

The Society has also received from Mr. J. T. Harrison a set of 
five globes prepared by him in illustration of an Essay on the pro- 
duction of changes of Climate in Geological time by the shifting of 
the position of the poles of the Earth. 

The Books, Maps, &c. above referred to have been received from 
168 personal Donors, the Editors or Publishers of 16 Periodicals, 
and 184 Societies, Surveys, and other Public Bodies, making, in all, 
368 Donors. 

By purchase, on the recommendation of the Standing Library 
Committee, the Library has received the addition of 35 volumes of 
books, and of 19 volumes and 15 parts (making about 5 volumes) 
of various Periodicals, besides 29 parts of certain works in course of 
publication serially. Six sheets of the Geological Map of France 
and the neighbouring districts, by MM. Vasseur and Carez, have also 
been purchased. 
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The cost of Books, Periodicals, and Maps purchased during the 
year 1888 was £68 9s. 4d., and that of Binding £79 15s. 7d., 
making a total of £148 4s. 11d. 


Museum. 


During the past year the following additions have been made to 
the Society’s Museum :— 

1. A considerable series of rock-specimens from Porto Rico pre- 
sented by Dr. A. T. Amadeo ; 

2. Specimens of Rubies in their matrix, collected in Burmah by 
Mr. C. Barrington Brown, and presented by H.M. Secretary of State 
for India ; 

3. A collection of Auriferous rock-specimens from the Transvaal, 
presented by Mr. A. Woodhouse, F.G.S.; and 

4. Two slides of Radiolaria from the London Clay of Sheppey, 
presented by Mr. W. H. Shrubsole, F.G.S. 

In accordance with a statement contained in the last Report of 
the Committee, the cleaning of the collections in the Museum was 
commenced as soon as the days began to increase in length, and 
continued during the months of March, April, and May. The whole 
of the collections in the Cabinets of the Museum and Workroom were 
thoroughly cleaned, the drawers containing the British Collection 
furnished with paper covers carefully fitted so as to prevent the ac- 
cumulation of dust, and there being an unemployed balance of the 
sum of Thirty Pounds placed by the Council in the hands of the 
Committee, this was devoted to fitting with glass covers a certain 
number of the drawers in the lower part of the Museum in which 
the Foreign Collections are deposited*. The Committee propose to 
procure additional glass covers from time to time until the whole of 
the drawers in the Lower Museum are so protected. 


* The Expenditure in connexion with the cleaning of the Museum was as 
follows :— 


TAD OMIT serine ccklsvenenecomenereces £20 14 6 
Paper, U6: 05 te c.taeeoee cee sce 2A 
Glas ch icici becnesen does dace 6 6 8 
Sundry expenses enn... cee. 0. Saal 

£29 13 4 


Leaving a balance of 6s. 8d 
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CoMPARATIVE STATEMENT oF THE NUMBER OF THE SOCIETY AT THE 
CLOSE OF THE YEARS 1887 anp 1888. 


Dec. 31, 1887. Dec. 31, 1888. 
Compounders'::.......... OE aie ot 311 
Contributing Fellows...... SAONe me teitns St 832 
Non-contributing Fellows .. Del oy San Weer ecekee. 152 
1338 1295 
Foreign Members ........ MT DS Sc eee 39 
Foreign Correspondents... . alo a eerie: 39 
1413 1373 


Comparative Statement explanatory of the Alterations in the Number 
of Fellows, Foreign Members, and Foreign Correspondents at the 
close of the years 1887 and 1888. 


Number of Compounders, Contributing and Non- 1338 
contributing Fellows, December 31, 1887.... 


Add Fellows elected during former year and paid 3 
MMS SS. Sopa 4 < ahs aid arene odanaes aici Sua tee a veyang ok 
Add Fellows elected and paid in 1888 ........ 49 
Add Fellows re-elected and who pay no Admis- 
SIOMPN COM. 26+ 5.15 05 gts kk ate, Srna eto onetna des } 2 
1392 
Deduct Compounders deceased ............5. 8 
Contributing Fellows deceased ........ IUef 
Non-contributing Fellows deceased .... 34 
Contributing Fellows resigned ........ 15 
Contributing Fellows removed ........ 23 
— 97 
1295 


Number of Foreign Members and ma 5 
Correspondents, December 31, 1887 .... 
Deduct Foreign Members deceased .. ..... 2 
Foreign Correspondents elected 4 
Horetens Members |. :.-..4-.- } 


Add Foreign Members elected........ snes: 
Foreign Correspondents elected ........ 


Pout oles 


— 


373 
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DecEASED FELLows. 


Compounders (8). 


Bright, Sir C. T. 
Devine, T., Esq. 
Kassie, W., Esq. 
Feddon, F., Esq. 


T’Anson, E., Esq. 

Lee, H., Esq. 

Richardson, J. W. H., Esq. 
Robinson, A., Esq. 


Resident and other Contributing Fellows (17). 


Armstrong, H. B., Esq. 
Bartlett, W. H., Esq. 
Bell, R. G., Esq. 
Collins, J., Esq. 
Crichton, A., Esq. 
Crowley, J. 8., Esq. 
Dunean, Lieut.-Col. F. 
Fulcher, P. H. C., Esq. 
Hichens, Major-Gen. W. 


Lea, J. W., Esq. 

Lewis, Prof. H. C. 

Medlycott, Sir W. C. P. 
Millar, Dr. J. 

Pennington, R., Esq. 
Pinchin, R., Esq. 

Spratt, Vice-Admiral T. A, B. 
Trickett, 8., Esq. 


Non-contributing Fellows (34). 


Baily, W. H., Esq. 
Brown, Prof. J. 
Browne, Rey. H. 
Carnegy, Dr. C. H. 
Collet, T., Esq. 

Cooke, Rev. R. B. * 
Courtney, C. F. A., Esq. 
Cox, Dr. 7. 

Currie, Rev. C. 
Drummond, Lieut.-Col. H. 
Forster, W., Esq. 
Griffin, T., Esq. 
Hamilton, C. W., Esq. 
Herbert, J. W., Esq. 
Jack, Col. A. 

~ Lloyd, Dr. G. 
Maclennan, Rev. A. 


Molony, Gen. C. P. 
Morgans, T., Esq. 
Morris, E., Esq. 
Northwick, Lord. 
Ogilby, W., Esq. 
Ouchterlony, Lieut. J. 
Parry, F. C., Esq. 
Phillips, J., Esq. 
Pringle, Capt. J. W. 
Shaw, Dr. J. 

Smyth, R. B., Esq. 
Stuart, G., Esq. 
Watson, J. Y., Esq. 
Webster, W. B., Esq. 
Wedgwood, H. A., Esq. 
Wilson, Prof. J. 
Witts, Rev. E. F. 


Foreign Members (2). 


Kjerulf, Prof. Th. 


| Vom Rath, Prof. G. 


Fellows Resigned (15). 


Baldry, J. D., Esq. 
Buller, Sir W. L. 
Cliff, J., Esq. 
Coode, Sir J. 
Deeley, J., Esq. 
Dixon, 8. B., Esq. 
Evans, Rev. W. F. 
Gillespie, Dr. F. 


Grieve, D., Esq. 

Lewes, Dr. P. P. 

Ridley, W., Esq. 

Sharman, Rev. W. 

Thorpe, W. G., Esq. 

Todd, Rev. J. W. 
Tremenheere, Major-Gen. G. B. 
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Fellows Removed (23). 


Binns, E. K., Esq. Liversidge, H., Esq., jun. 
Blakemore, W., Esq. Nichols, G. B., Esq. 
Chamberlin, Rev. T. C. B. Olpherts, W. G., Esq. 
Cole, W. M., Esq. Parkinson, J., Esq. 
Colvin, A., Esq. Paul, G., Esq. 

Dobson, A. D., Esq. Richardson, J., Esq. 
Fremersdorff, W. F., Esq. Tate, Dr. G. 

Gillman, F., Esq. Thoms, G, E., Esq. 
Goodger, A., Esq. Tompson, J. H., Esq. 
Hadkinson, J., Esq. Walker, R. B. N., Esq. 
Leech, A., Esq. White, R. B., Esq. 


Lewis, Rey. E. R. 


The following Personages were elected from the Inst of Foreign Cor- 
respondents to fill the vacancies mm the Inst of Foreagn Members 
during the year 1888. 


Professor Pierre J. van Beneden, of Louvain. 
Professor Eugéne Renevier, of Lausanne. 
Baron Ferdinand von Richthofen, of Berlin. 
Professor Gerhard Vom Rath, of Bonn. 


The following Personages were elected Foreign Correspondents during 
the year 1888. 


Professor W. C. Brogger, of Stockholm. 

Mons, Charles Brongniart, of Paris. 

Professor Edward Salisbury Dana, of New Haven, U.S.A. 
Professor Anton Fritsch, of Prague. 

Mons. Ernest Van den Broeck, of Brussels. 


After the Reports had been read, it was resolved :— 


That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 


It was afterwards resolved :— 
That the thanks of the Society be given to Dr. Henry Wood- 
ward, retiring from the office of Vice-President. 


That the thanks of the Society be given to Dr. H. Hicks, J. W. 
Hulke, Esq., Prof. T. Rupert Jones, R. Lydekker, Esq., and Dr. H. 
Woodward, retiring from the Council. 


After the Balloting-glasses had been duly closed, and the Lists 
examined by the Scrutineers, the following gentlemen were declared 
to have been duly elected as the Officers and Council for the ensuing 
year :— 
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OFFICERS. 


PRESIDENT. 
W. T. Blanford, LL.D., F.R.S. 


VICE-PRESIDENTS. 


John Evans, J).C.L., LL.D., F.R.S. 

Prof. T. M°Kenny Hughes, M.A. 

Prof. J. W. Judd, F.R.S. 

Prof. J. Prestwich, M.A., D.C.L., F.R.S. 


SECRETARIES. 


W. H. Hudleston, Esq., M.A., F.B.S. 
J. HK. Marr, Esq., M.A. 


FOREIGN SECRETARY. 
Sir Warington W. Smyth, M.A., F.R.S. 


TREASURER. 
Prof. T. Wiltshire, M.A., F.L.S. 


COUNCIL. 

Prof. J. F. Blake, M.A. Major-Gen. C. A. M*Mahon. 
W. T. Blanford, LL.D., F.R.S. J. E. Marr, Esq., M.A. 
Prof. T. G. Bonney, D.C.L., LL.D.,| E. Tulley Newton, Esq. 

E.R.S. Prof. J. Prestwich, M.A., D.C.L., 
James Carter, Esq. F.R.S. 
John Evans, D.C.L., LL.D.,F.R.S. | F. W. Rudler, Esq. 
L. Fletcher, Esq., M.A. — Prof. H. G. Seeley, F.R.S. 
A. Geikie, LL.D., F.R.S. Sir Warington W. Smyth, M.A., 
Prof. A. H. Green, M.A., F.R.S. F.RS. 
Rev. Edwin Hill, M.A. W. Topley, Esq., F.R.S. 


W. H. Hudleston, Esq., M.A., F.R.S.| Rev. G. F. Whidborne, M.A. 
Prof. T. M*Kenny Hughes, M.A. Prof. T. Wiltshire, M.A., F.L.8. 
Prof. J. W. Judd, F.R.S8. Rey. H. H. Winwood, M.A. 
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LIST OF 
THE FOREIGN MEMBERS 


OF THE GEOLOGICAL SOCIETY OF LONDON, In 1888. 


Date of 
Election. 


1827. Dr. H. von Dechen, Bonn. ( Deceased.) 
1848. James Hall, Esq., Albany, State of New York. 
1851. Professor James D. Dana, New Haven, Connecticut. 
1853. Count Alexander von Keyserling, Raykill, Russia. 
1856. Professor Robert Bunsen, For. Mem. R.S., Hetdelberg. 
1857. Professor H. B. Geinitz, Dresden. 
1859. Dr. Ferdinand Romer, Breslau. 
1866. Dr. Joseph Leidy, Philadelphia. 
1867. Professor A. Daubrée, For. Mem. R.S., Paris. 
1871. Dr. Franz Ritter von Hauer, Vienna. 
1874. Professor Alphonse Favre, Geneva. 
1874. Professor E. Hébert, Pars. 
1874. Professor Albert Gaudry, Paris. 
1875, Professor Fridolin Sandberger, Wiirzburg. 
1875. Professor Theodor Kjerulf, Christiania. (Deceased.) 
1875. Professor F. August Quenstedt, Tiib:ngen. 
1876. Professor E. Beyrich, Berlin. 
1877. Dr. Carl Wilhelm Giimbel, Munich. 
1877. Dr. Eduard Suess, Vienna. 
1879. Major-General N. von Kokscharow, St. Petersburg. 
1879. M. Jules Marcou, Cambridge, U. 8. 
1879. Dr. J. J. S. Steenstrup, For. Mem. R.S., Copenhagen. 
1880. Professor Gustave Dewalque, Lrége. 
1880. Baron Adolf Erik Nordenskiold, Stockholm. 
1880. Professor Ferdinand Zirkel, Lewpzig. 
1882. Professor Sven Lovén, Stockholm. 
1882. Professor Ludwig Riitimeyer, Basle. 
1888. Professor J. S. Newberry, New York. 
1883. Professor Otto Martin Torell, Stockholm. 
1884. Professor G. Capellini, Bologna. 
1884. Professor A. L. O. Des Cloizeaux, For. Mem. R.S., Paris. 
1884. Professor G. Meneghini, Pisa. (Deceased.) 
1884. Professor J. Szab6, Pesth. 
1885. Professor Jules Gosselet, Lille. 
1886. Professor Gustav Tschermak, Vienna. 
1887. Professor J. P. Lesley, Philadelphia. 
1887. Professor J. D. Whitney, Cambridge, U.S. 
1888. Professor Pierre J. van Beneden, Louvain. 
1888. Professcr Eugéne Renevier, Lausaune. 
1888. Professor Gerhard Vom Rath, Bonn. (Deceased.) 
1888. Baron Ferdinand yon Richthofen, Berlin. 
VoL, XLY. b 
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List OF 
THE FOREIGN CORRESPONDENTS 
OF THE GEOLOGICAL SOCIETY OF LONDON, rn 1888. 


Date of 
Election. 


1863. Dr. F. Senft, Evsenach. 

1864. Dr. Charles Martins, Montpellier. 

1866. Professor Victor Raulin, Bordeaux. 

1866. Baron Achille de Zigno, Padua. 

1872. Herr Dionys Stur, Vienna. 

1874. Professor Igino Cocchi, Florence. 

1874. M. Gustave H. Cotteau, Auverre. 

1874. Professor G. Seguenza, Messina. (Deceased.) 
1874. Dr. T. C. Winkler, Haarlem. 

1877. Professor George J. Brush, New Haven. 
1877. Count Gaston de Saporta, Azxr-en-Provence. 
1879. M. Edouard Dupont, Brussels. 

1879. Dr. Emile Sauvage, Paris. 

1880. Professor Luigi Bellardi, Turin. 

1880. Professor Leo Lesquereux, Columbus. 

1880. Dr. Melchior Neumayr, Vienna. 

1880. M. Alphonse Renard, Brussels. 

1881. Professor E. D. Cope, Philadelphia. 

1882. Professor Louis Lartet, Toulouse. 

1882. Professor Alphonse Milne-Edwards, Paris. 
1883. Professor Karl Alfred von Zittel, Munich. 
1884, Dr. Charles Barrois, Zrile. 

1884. M. Alphonse Briart, Morlanwelz. 

1884. Professor Hermann Credner, Lezpzig. 

1884. Baron C. von Ettingshausen, Gratz. 

1884. Dr. E. Mojsisovics von Mojsvar, Vienna. 
1885. M. F. Fouqué, Paris. 

1885, Professor G. Lindstrom, Stockholm. 

1885, Dr. A. G. Nathorst, Stockholm. 

1886. Professor H. Rosenbusch, Hedelberg. 
1886. Professor J. Vilanova y Piera, Madrid. 
1887. Senhor J. F. N. Delgado, Lisbon. 

1887. Professor A. Heim, Zurich. 

1887. Professor A. de Lapparent, Paris. 

1888. Professor W. C. Brogger, Stockholm. 

1888. M. Charles Brongniart, Paris. 

1888. Professor Edward Salisbury Dana, New Haven, U.S.A. 
1888. Professor Anton Fritsch, Prague. | 
1888, M. iKrnest Van den Broeck, Brzssels, 
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AWARDS OF THE WOLLASTON MEDAL 


ESTABLISHED BY 


UNDER THE CONDITIONS OF THE 


““ DONATION FUND” 


WILLIAM HYDE WOLLASTON, M.D., F.R.S., F.GS., &e. 


To promote researches concerning the mineral structure of the earth, 
and to enable the Council of the Geological Society to reward those 
individuals of any country by whom such researches may hereafter be 
made,”—“ such individual not being a Member of the Council.”’ 


1831. 
1835. 
1856. 


1837. 


1888. 
1839. 
1840. 
1841. 
1842. 


1843. 


1844. 
1845. 
1846. 
1847. 
1348. 
1849. 
1850. 
1851. 
3852. 


18538. 


1854. 
1855. 
1856. 
1857. 


1858. 


1859, 
1860, 


Mr. William Smith. 
Dr. G. A. Mantell. 
M. Louis Agassiz. 
Capt. T. P. Cautley. 
Dr. H. Falconer. 
Sir Richard Owen. 
Professor C. G. Ehrenberg. 
Professor A. H. Dumont. 
M. Adoiphe T. Brongniart. 
Baron L. von Buch. 
M. Elie de Beaumont. 
M. P. A. Dufrénoy. 
Rev. W. D. Conybeare. 
Professor John Phillips. 
Mr. William Lonsdale. 
Dr. Ami Boué. 
Rey. Dr. W. Buckland. 
Professor Joseph Prestwich. 
Mr. William Hopkins. 
Rev. Prof. A. Sedgwick. 
Dr. W. H.. Fitton. 
1 M. le Vicomte A. d’Archiac. 
M. E. de Verneuil. 
Sir Richard Griffith. 
Sir H. T. De la Beche. 
Sir W. KE. Logan. 
M. Joachim Barrande. 
j Herr Hermann von Meyer. 
| Mr. James Hall. 
Mr, Charles Darwin. 
Mr. Searles V. Wood. 


| 


1861. 
1862. 
1863. 
1864. 
1865, 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1885. 
1884. 
1885, 
1886. 


1887. 


| 1888. 
1889. 


Professor Dr. H. G. Bronn. 

Mr. R. A. C. Godwin-Austen. 

Professor Gustav Bischof. 

Sir R. 1. Murchison. 

Dr. Thomas Davidson. 

Sir Charles Lyell. 

Mr. G. Poulett Scrope. 

Professor Carl F. Naumann. 

Dr. H. C. Sorby. 

Professor G. P. Deshayes. 

Sir A. OC. Ramsay. 

Professor J. D. Dana. 

Sir P. de M. Grey-Egerton. 

Professor Oswald Heer. 

Professor L. G. de Koninck. 

Professor T. H. Huxley. 

Mr. Robert Mallet. 

Dr. Thomas Wright. 

Professor Bernhard Studer. 

Professor Auguste Daubrée. 

Professor P. Martin Duncan. 

Dr. Franz Ritter von Hauer. 

Dr. W. T. Blanford. 

Professor Albert Gaudry. 

Mr. George Busk. 

Professor A. L. 
Cloizeaux. 

Mr. J. Whitaker Hulke. 

Mr. H. B. Medlicott. 

Professor T. G. Bonney, 


O. Des 
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AWARDS 


OF THE 


BALANCE OF THE PROCEEDS OF THE WOLLASTON 
“ DONATION-FUND.” 


1831. 
1833. 
1834. 
1835. 
1836. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 


1848. 


1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 


1860. 


Mr. William Smith. 

Mr. William Lonsdale. 

M. Louis Agassiz. 

Dr. G. A. Mantell. 

Professor G. P. Deshayes. 

Sir Richard Owen. 

Professor C. G. Ehrenberg. 

Mr, J. De Carle Sowerby. 

Professor Edward Forbes. 

Professor John Morris. 

Professor John Morris. 

Mr. William Lonsdale. 

Mr. Geddes Bain. 

Mr. William Lonsdale. 

M. Alcide d’Orbigny. 
Cape-of-Good-Hope Fossils. 
M. Alcide d’Orbigny. 

Mr. William Lonsdale. 

Professor John Morris. 

M. Joachim Barrande. 

Professor John Morris. 

Professor L. G. de Koninck. 

Dr. S. P. Woodward. 

Drs. G. and F’. Sandberger. 

Professor G. P. Deshayes. 

Dr. S. P. Woodward. 

Mr. James Hall. 

Mr. Charles Peach. 
Professor T. Rupert Jones. 
Mr. W. K. Parker. 


1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1s7ale 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1885. 
1884. 
1885, 
1886. 
1887. 
1888. 
1889. 


Professor A. Daubrée. 
Professor Oswald Heer. 
Professor Ferdinand Senft. 
Professor G. P. Deshayes. 
Mr. J. W. Salter. 

Dr. Henry Woodward. 
Mr. W. H. Baily. 

M. J. Bosquet. 

Mr. W. Carruthers. 

M. Marie Rouault. 

Mr. R. Etheridge. 

Dr. James Croll. 

Professor J. W. Judd. 

Dr. Henri Nyst. 

Mr. L. C. Miall. 

Professor Giuseppe Seguenza. 
My. R. Etheridge, Jun. 
Professor W. J. Sollas. 
Mr. 8. Allport. 

Mr. Thomas Davies. 

Dr. R. H. Traquair. 

Dr. G. J. Hinde. 

Mr. John Milne. 

Mr. E. Tulley Newton. 
Dr. Charles Callaway. 

Mr. J. S. Gardner. 

Mr. B. N. Peach. 

Mr. J. Horne. 
Mr. A. Smith Woodward. 


ANNUAL REPORT, 


AWARDS OF THE MURCHISON MEDAL 


AND OF THE 


PROCEEDS OF “THE MURCHISON GEOLOGICAL FUND,” 


ESTABLISHED UNDER THE WILL OF THE LATE 


SIR RODERICK IMPEY MURCHISON, Barr., F.R.S., F.G.S. 


“To be applied in every consecutive year in such manner as the Council 
ot the Society may deem most useful in advancing geological science, 
whether by granting sums of money to travellers in pursuit of know- 
ledge, to authors of memoirs, or to persons actually employed in any 
inquiries bearing upon the science of geology, or in rewarding any 
such travellers, authors, or other persons, and the Medal to be given 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of geological science.” 


1873. 
1873. 
1874. 
1874. 
1874, 
1875. 
1875. 
1876. 
1876. 
1877. 
1877. 
1878. 
1878. 
1879. 
1879. 
1880. 
1881. 
1881. 
1882. 


Mr. William Davies. Medal. 
Professor Oswald Heer. 

Dr. J. J. Bigsby. Medal. 
Mr. Alfred Bell. 

Professor Ralph Tate. 

Mr. W. J. Henwood. Medal. 
Professor H. G. Seeley. 

Mr. A.R.C.Selwyn. Medal. 
Dr. James Croll. 
Rev. W. B. Clarke. 
Professor J. F. Blake. 
Dr. H. B. Geinitz. Medal. 
Professor C. Lapworth. 
Professor F. M‘Coy. Medal. 
Mr. J. W. Kirkby. 

Mr. R. Etheridge. Medal. 
Professor A.Geikie. Medal. 
Mr. F. Rutley. 

Professor J.Gosselet. Medal, 


Medal. 


1882. 
1885. 


1885. 
1884, 
1884. 
1885. 


1885. 
1886. 
1886. 
1887. 
1887, 
1888. 


1888. 
1889, 


1889, 


Professor T. Rupert Jones. 

Professor H. R. Goppert. 
Medal. 

Mr. John Young. 

Dr. H. Woodward. Medal. 

Mr. Martin Simpson. 


Dr. Ferdinand Romer. 
Medal. 
Mr. Horace B. Woodward. 


Mr. W. Whitaker. Medal. 
Mr. Clement Reid. 
Rev. P. B. Brodie. Medal. 


Mr. Robert Kidston. 

Professor J. 8. Newberry. 
Medal. 

Mr. EK. Wilson. 

Professor James 
Medal. 

Mr. Grenville A. J. Cole. 


Geilkie. 
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AWARDS OF THE LYELL MEDAL 


AND OF THE 


PROCEEDS OF THE “LYELL GEOLOGICAL FUND,” 


ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 
SIR CHARLES LYELL, Banrr., F.R.S., F.G-S. 


The Medal “to be given annually” (or from time to time) “as a mark of 
honorary distinction as an expression on the part of the governing 
body of the Society that the Medallist has deserved well of the 
Science,”—‘‘not less than one third of the annual interest [of the 
fund} to accompany the Medal, the remaining interest to be given in 
one or more portions at the discretion of the Council for the encou- 
ragement of Geology or of any of the allied sciences by which they 
shall consider Geology to have been most materially advanced.” 


1876. 


1877. 
iksy We 
1878. 
1878. 
1879. 


1879. 
1879. 
1880. 
1880. 
1881. 
1881. 
1881. 
1882. 
1882. 
1882. 
1883. 


Professor John Morris. | 
Medal. | 

Dr. James Hector. Medal. 

Mr. W. Pengelly. 

Mr. G. Busk. Medal. 


Dr. W. Waagen. 

Professor Edmond Hébert. | 
Medal. 

Professor H. A. Nicholson. 

Dr. Henry Woodward. 

Mr. John Evans. Medal. 

Professor F. Quenstedt. 


Sir J. W. Dawson. Medal. 
Dr. Anton Fritsch. 

Mr, G. R. Vine. 

Dr. J. Lycett. Medal. | 


Rey. Norman Glass. | 
Professor C. Lapworth. 
Dr. W. B. Carpenter. Medal. | 


1883. 
| 1883. 
. Dr. Joseph Leidy. 
. Professor Charles Lapworth. 
5. Professor 


Mr. P. H. Carpenter. 
M. E. Rigaux. 
Medal. 


H. G. Seeley. 


Medal. 


. Mr. A. J. Jukes-Browne. 

. Mr. W. Pengelly. Medal. 
. Mr. D. Mackintosh. 

. Mr. Samuel Allport. Medal. 
. Rev. Osmond Fisher. 

. Professor H. A. Nicholson. 


Medal. 


. Mr. A. H. Foord. 
. Mr. T. Roberts. 
. Professor W. Boyd Dawkins. 


Medal. 


. M. Louis Dollo. 
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AWARDS OF THE BIGSBY MEDAL, 
FOUNDED BY 


Dr. J. J. BIGSBY, F.R.S., F.G.S. 


To be awarded biennially “as an acknowledgment of eminent services 
in any department of Geology, irrespective of the receiver’s country ; 
but he must not be older than 45 years at his last birthday, thus 
probably not too old for further work, and not too young to have done 


much.” 
1877. Professor O. C. Marsh. 1885. Professor Alphonse Renard. 
1879. Professor E. D. Cope. 1837. Professor Charles Lapworth. 


1881. Dr. C. Barrois. } 1889. Me. J. J. Harris Teall. 
1883, Dr. Henry Hicks. 


AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND, 


ESTABLISHED UNDER THE WILL OF THE LATE 


Dra. H. C. BARLOW, F-.G:S. 


“The perpetual interest to be applied every two or three years, as may 
be approved by the Council, te or for the advancement of Geological 
Science.” 


1880. Purchase of microscope. 1884. Professor Leo Lesquereux. 
1881. Purchase of microscope lamps. | 1886. Dr. H. J. Johnston-Lavis. 
1882. Baron C. von Ettingshausen. | 1888. Museum. 

1884. Dr. James Croll. 
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Estimates for 


INCOME EXPECTED. 


Compositions.......... Na, oyun ate eR aan Teac ee pes a 199 10 
Due for Arrears of Admission-fees .......... 76 126 
ZacmMIssIOn-1ees,, 1889 #5 27, (ke See eee 226 16 0O 

— 302 8 
Due for Arrears of Annual Contmbutions 2.5.2.4... 55 105 0 


Annual Contributions, 1889, from Resident Fellows, and 


Noneresidents, 1859) to 1SGIN) 2. .h. d.5 2. nucle eee ee 533 0 
Anon) Contributions im advance 25.4 5 «> > 2 eee 42 0 
Dividends on Consolidated 22 per Cents. ..............-. 243 16 
Sale of Quarterly Journal, including Longman’s 

CC OUNNG ncaa a CMR Renee Rees ns ie CaS 5 anaes 170: 08 
Sale of Geological Map, including Stanford's 

ACCOUMME Memeie SIM ronee neler skeliaus cs hs se eek tateistenerers 7 0 0 
Sale of Transactions, Library-catalogue, Orme- 

rod’s Index, Hochstetter’s New Zealand, and 

aston MeO ws eR 6 oss seers blew ne ensue 3 Onnd 

———— 180 0 9 


£2605 14 8 


THOMAS WILTSHIRE, Treas. 
2 Feb. 1889. 


FINANCIAL REPORT. 


the Year 1889. 


EXPENDITURE ESTIMATED. 
Gg. a: 


House Expenditure : 


SNCS em ates ae WES. lhe ee BL Oe be ee as 


Borniture and Repairs. .........<0.0-0+c+.s ip he A 
House-repairs and Maintenance.................. 
Pama CLEANING” 2 oc. ascsis<celeneeennomeccacanee 
reas mimes arn, Su GEES) <emis <a. apaataseceeceeeion es 
HE Cama tM Ps! ooo o.oo soe cis antar snare oareigee 


Salaries and Wages: 


PMS MSP AI ASECLOLALY) gnamcluentelanadsdecsss esas coude 


Assistants in Library, Office, and Museum 


POSER SUC WWE». vaersnccn scans cee acon ne ema 
JEL OLS; ATE)G WAS a ee 9 Oo 
HE RAING MOV \. xedaaaenctevaey oets -meyeadeeberteowenes 
Charwoman and Occasional Assistance......... 
Attendants at Meetings ........:ce.1ssdsses-e0 
PARES OUTIL Gee otacto ale) cai eatorarornteie nla otevariae tee eee ere 


Official Expenditure : 


IoQoQ oe oO eG © 


Seoooogo ooce 


SOQ Qcoqceec 


SRA OME Tay eee. W. ces cca ee naa) a0 eye Add Gan ee ees 25 0 O 
Miscellaneous Primtinig | ¥....0.0-c-aeennceaeeasiser 60 0 0 
Postages and other Expenses ..................+4- 100 0 O 
MU aar RMR eT se ie 8 accra, ery pan Oe ee 
J HUADS BUUED 5 0 eer RR Ce aR ENE Psa bor 
Publications: 
Geolosical May. s 2.09.6 roses oc eee st sia aicloats 10 0 O 
@uartorlysMowEnal ss. es.cec ss ceesnncene soneecotae 950 O O 
Bs ‘ Commission, Postage, 
Bid PAG CHEE SSI et saci tecianencuicce sine Shazees 100 0 O 
HIS (LOL Hell Owisaess corer setse cere maaAc ts isianosees 33 0 O 
Abstracts, including Postage .............0660 LD @ © 


25 

Ea ee CD 
201 0 0 
826 10 O 
185 0 0 
150 O O 
5 0 0 
1203 0 0 
Sty ae fs) 
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Income and Expenditure during the 


RECEIPTS. : 
£ s.. d. Se 
Balance in Bankers’ hands, 1 January 1888. 115 18 11 


Balance in Clerk’s hands, 1 January 1888. 512 9 


a 12S tee 

Compositions’. 20).0 |: 2'h2 J dee ee ee 199 10 0 
Arrears of Admission-fees.......-...-.. 18 18 0O 
AdnSHpR ees UGGS |. 5 a. ee eee 308 14 0 

a 

Arrears of Annual Contributions .....-.....2-.e.e0¢ 207 14 0O 

Annual Contributions for 1888, viz.: 

Resident Fellows ........ 1517 5 O 
Non-Resident Fellows... 15: 1b 8 

1535.-. Oi 

Annual Coniributiogs im advante”....2.... 2... cee 54. AP 


Dividends and Bonus on Consols and Reduced 3 per 
Cents., now converted into 23 per Cents........... o2k 8 


Taylor & Francis: Advertisements in Journal, Vol.43.. 314 9 
Publications : 


“J 


Sale donenat. Vols, (As i.e 123 13 3S 
<e Wolo AA onic ona senoteeee 79 18 0 
Sale of Library Catalogue ...................- y ee | 
sale. af Geological Map 2.2.5. 250i622sisn.0se Sif 
Bale ar rmerod § INGEX.. 2.55 tcancsccesoasens Amer fag 
Sale of Hochstetter’s New Zealand ......... 0.5 a 
Misra SOMOTIS 32 e655. sc.aidendsssg2essee ee eee | lea Jee 
Pets oe 8 eo ne ee Setar 0.2 = 
218 . ag 
Jounaal Subscriptions in Advatee... . 2.2. .2.-2seenee 016 4 


*Due from Messrs. Longmans, in addition to the 


above, on Journal, Vol. 44, &ec.....................- 60 3 6 
Due from Mr. Stanford on accountofGeologicalMap 618 8 
67 2 2 


£2988 8 6 


We have compared this statement 
with the Books and Accounts presented 
to us, and find them to agree. 


(Signed) L. FLETCHER, 


F. W. RUDLER, } Auditors. 


2 February, 1889. 


FINANCIAL REPORT. nae 


Year ending 31 December, 1888. 


EXPENDITURE. 

House Expenditure: teeta PSI nas Le sed 
RECO S Mea eee Aa ode oct oceulstane soegnaccnanvacaaaen 2414 2 
Pie INN SUMRTALCO! oldie slec cits Sle cain wale nctelsioleitalatel 1 O OU 
Ree erro eceaiacsleys cve's 2c sto sanw ates she aelmeetne 29 Lon 8 
Pepi Pere a 2 ais ite sicts wise elacaihicwninlabn Ob nok enemande 30 12 O 
FMUEMUUS ANG AVC PAILS, oo... siccecsccsivae sie eelsias PAV 39S 
Hteusesrenains, Ocrdiiary 20.2 ..acseeeseccecsne WA PhD) 
PAMITattal MMO Lea ee lite teenie naitcen see ncletatarans 13554 49 
iaciimotand Sumd ries s.. 22.0%... eesneeeensle 36 4 2 
MCA MCE LIN OS), .7. cue dtecamahevsee sua caniewesdeene 160850 


Salaries and Wages : 


Pasishamity SECKCUATY. 2 tinct caceuse’s eoaes cena veces 390 0 O 
Assistants in Library, Office, and Museum... 220 0 0O 
ROUSE SLC WAC) autec.ac dacidaces snbeee we eseenelts 105 0 O 
1 BIG IS LOT I Rees aera a oS een IL 40 0 O 
LITRE NGL SOR 7 gS eae elas cree neu ND UBC ener oeaporon ea ok 0) 
AB Miee WON AT Ge Oo) cleat ratte ae soe ees Gan aati Pay wall 0) 
Autemdants at Meetings... dawec.jctdemccnees seer» SOR O 
Mecoumiant SMCS Scsccsnce.aenceebn-dsmecs oo acne LOO RO 
— 804 0 6 
Official Expenditure: 
REAURUOINOY ccc scre sare waits ncamcads de sa Slow ets ole sere 29) Wi 2 
Miscellaneous: Printing ..cs.ccccscteeeesceeeseee Zea 0 
Pestages and other Expenses ................3. Sy) JL 8} 
—— 140 1 5 
id EY 5 22 Se een DEE eee OLAG En utc, oe 148 4 11 
SEED, oS RS Re a ek Se eae Ie) en emt 1 2026 
Publications : 
ie MloracAlON Taw. Pc occ cuewas ede cme ae 4 6 6 
TOUT TEs NUR) ICs he sae eee CIT G 


55 VO AAR tect eh acsiesss 969 0 6 
5 », Commission, 
Postage, and Addressing. 10117 6 
- ———-— 1070 18 0 


WPisinOt ellOwSrenacctes. . Seen e bed okescel bieee ce do 12 6 
Abstracts, including Postage .................. EOF 9 10 
Wrtmerodis hmd exe: tee fe ees <ieicn ces vex ueecen: I yeh 8) 
PEP ATISACHION Sen ee ere ty n ket at miltckee rns cont ee 0 2 0 


Se 21) 
s. 3d. Consolidated 
A, nk AD At eRe ISS Ra Oa 159) Gare? 


Investment of £164 7 
22 per Cents. at 962 


Balance in Bankers’ hands, 31 Dec. 1888..232 6 0 
Balance in Clerk’s hands, 31 Dec. 1888 .. 16 6 5 
ne oes 


£2988 8 6 
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AWARD oF THE WoLLASTON MEDAL. 


In presenting the Wollaston Gold Medal to Prof. T. G. Bonney, 
D.Sc., F.R.S., the Presrpent addressed him as follows :— 


Professor Bonney,— 


A Medal that was instituted to promote researches concerning 
the mineral structure of the earth cannot be more appropriately 
awarded than for petrological studies. That the method of research 
has changed since Wollaston’s time is largely due to the improve- 
ment of modern instruments; the work carried on by yourself and 
others with the microscope is in direct continuation of that done 
by Wollaston, his contemporaries, and many of his followers, with 
the goniometer, the test-tube, and the balance.. In your hands the 
microscope has been a valuable adjunet to field-observation, and has 
been chiefly applied to detect the secrets of those rocks which, 
possessing no organic remains to betray the tale of their origin, 
have hitherto succeeded in baffling the curiosity of geologists as to 
their early history. In many parts of the British Isles, throughout 
the Alps, and in Canada, especially where ancient and obscure 


formations presented puzzles yet unsolved, you have been occupied . 


in adding to our knowledge. Nor has your attention been confined 
to Archean and Plutonic rocks; you were a leader of the opposition 
to the prevalent, but perhaps somewhat exaggerated view of the 
powers of glacial erosion, and you have applied the same key that 
had admitted you to the inner mysteries of metamorphic formations 
to unlock the history of British sedimentary rocks. 

In conferring upon you the chief mark of distinction in its gift, 
the Council desires to evince its appreciation of your scientific 
researches, and the Fellows of the Society will, I feel sure, heartily 
endorse the presentation of the Wollaston Medal to you, who have 
served so long and so successfully as one of their principal officers. 


Prof. Bonney, in reply, said :— 
Mr. PrREs1DENT,— 


It is difficult for me adequately to express my gratitude to the 
Council for the great honour which they have conferred upon me, 
and to you for the terms in which you have spoken of my work. 
Of this, the defects to myself seem more conspicuous than the merits. 
I can only plead in excuse for those, that my work has been carried on 
under many difficulties on which I will not now enlarge. It has 
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been incomplete and preparatory, often destructive rather than 
constructive, that of a seeker after truths to which another genera- 
tion will attain. If, indeed, there be any good in it, this is because 
throughout I have studied nature more than books, I have sought 
for reasons rather than for authorities, and in so doing have 
endeavoured to apply the principles of induction which I learnt, 
years ago at Cambridge in the study of mathematics. Still, I am 
conscious that for this crowning honour I am indebted more to the 
kindly feeling of others than to my own merits, and can only 
promise that, if time for scientific work yet remain, I will try to be- 
come more worthy of the distinction which has been awarded to me, 


AWARD OF THE Wo.tuaston Donation Funp. 


The PresipEnt next presented to Mr. A. Smrrx Woopwarp, F.G.S., 
the Balance of the Proceeds of the Wollaston Fund, and said :— 


Mr. Surra Woopwarp,— 


In presenting to you the Balance of the Wollaston Fund, the 
Council of the Geological Society recognize the value of your contri- 
butions to the knowledge of fossil fishes and fossil reptiles. Your 
publications on these classes of animals are carefully written, and show 
an extensive acquaintance with the rather intricate literature of the 
subject. I hope that the award now handed to you will be an in- 
centive to further researches and an assistance in prosecuting them. 


Mr. Smita Woopwarp, in reply, said :— 
Mr. PResipEnt,— 


I beg to express my best thanks to the Council of the Geological 
Society for the honour they have done me in making this award, 
and also to yourself, Sir, for the kind manner in which you have 
spoken of my slight attempts to extend the boundaries of one small 
department of our Science. It has always been my greatest pleasure 
to devote my leisure hours to the study of Natural History; and it 
is very gratifying to feel that the circumstances of the last few years 
have enabled me to follow these pursuits in a manner that is deemed 
worthy of recognition by this Society. Continual access to a col- 
lection like that of the British Museum affords exceptional facilities 
for paleontological research; and the experience gained when 
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assisting my late senior colleague, Mr. William Davies, in the 
arrangement of the unique series of Fossi] Fishes, has pointed out 
to me a wide field for investigation among the lower extinct Verte- 
brates. The highly-valued encouragement received to-day will in- 
cite me to renewed efforts, and I shall still strive to make the best 
use of the advantages resulting from my official position. 


AWARD OF THE Murcuison MeEpDAt. 


In handing the Murchison Medal to Mr. Witi1am Torrey, F.R.S., 
for transmission to Professor James Grixiz, LL.D., F.R.S., F.G.S., 
the Prestpent addressed him as follows :— 


Nas opin —— 


The Council has awarded the Murchison Medal to Professor 
James Geikie in acknowledgment of his important contributions to 
the Geology of North Britain, and especially of his investigation of 
glacial phenomena. His ‘Great Ice-Age’ contained a full, careful, 
and admirably written summary of the observations made up to 
1874, and the interest excited by the work was proved by a second 
edition being required in 1877. Professor Geikie has besides pub- 
lished numerous papers, not the least important of which were two 
that appeared in the Society’s Quarterly Journal containing his 
observations “On the Glacial Phenomena of the Long Island or 
Outer Hebrides.” 


Mr. Toptey, in reply, said :— 
Mr. PresipENT,— 


On behalf of Prof. James Geikie, who is detained in Scotland, I 
beg most heartily to thank the Council of the Geological Society of 
London, for the honour conferred upon him in the Award of the 
Murchison Medal. A prize founded by and continued in honour of 
his old chief, will, I am sure, have for Prof. James Geikie an 
especial value. He has desired me to communicate to you the 
following remarks :—‘‘I feel sure that my fellow geologists will 
fully agree with me when I say that the prosecntion of our 
favourite science is its own great reward. The charms that first 
took our fancy do not lose any of their attractions after we have 
become confirmed devotees. On the contrary, as years pass, our 
interest only deepens, and we are so absorbed that happily we escape 
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much of the fret and fever of these bustling times. But a geologist, 
after all, is human, and he would be less so if he did not warmly 
appreciate the sympathy of his fellow hammerers. I need hardly 
say, therefore, that I am extremely gratified to find that 1 have 
gained the sympathy of so representative a body of geologists as the 
Council of this Society. The distinction which they have been so 
good as to confer upon me [I shall cherish not only as a mark of 
their appreciation of the little I have done, but as an additional 
incentive to continued work.” 


AWARD OF THE Murcuison GrotoaicaL FunD. 


In presenting the Balance of the Murchison Geological Fund to 
Mr. Grenvitte A. J. Corr, F.G.S., the Presiprenr said :— 


Mr. GRENVILLE CoLzE,— 


In the course of the last few years you have published several 
interesting papers on petrological subjects, and especially on sphe- 
rulitic and perlitic structure, and on volcanic glasses. ‘The Council 
of the Geological Society has presented you with the Balance of the 
Murchison Fund in recognition of your contributions to Petrology, 
and as a means of aiding you in extending your investigations. 


Mr. Cote, in reply, said :— 
_ Mr. PrestpEntT,— 


This award, granted by the Council of the Geological Society, is 

all the more pleasant to me because so completely unexpected. It is 
to me but another evidence of the generous encouragement that is 
extended by the master-craftsmen to the apprentices in geological 
work. 
To deal with rocks from a purely mineralogical standpoint would 
be to ignore the broad principles of geology marked out by the 
founders of the science, and it will always be my earnest endeavour, 
stimulated by the fellowship of this Society, to connect the minuter 
researches of the laboratory with the study of earth-structure in the 
field. 


ee 
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AWARD OF THE LyELL MEDAL. 


The PrestpEent then presented the Lyell Medal to Prof. W. Boyp 
Dawns, F.R.S., F.G.8., and addressed him as follows :— 


Professor Boyp Dawk1ns,— 


In awarding to you the Lyell Medal for the present year, the 
Council of the Geological Society wishes to mark its recognition of 
the importance of your paleontological researches, and especially of 
the additions made by you to our knowledge of the Mammalia found 
in the later Tertiary and particularly in the Pleistocene deposits of 
this country. Your researches have extended over a considerable 
number of years, and amongst the earliest of the papers published 
by you were those on British fossil oxen and on the dentition of 
certain extinct species of Rhinoceros, all of which appeared in the 
Society’s Quarterly Journal. Your attention has especially been 
directed to primeval man, his implements, and the mammals that 
were his contemporaries, and in your works on ‘Cave Hunting’ 
and ‘Karly Man in Britain’ you have done much to disseminate a 
knowledge of scientific discoveries amongst readers whom more 
technical works would have repelled. 


Prof. Boyp Dawxiys, in reply, said :—- 
Mr. PresripEent,— 


I thank you, from my heart, for the kind words which you have 
spoken in awarding to me the honour of the Lyell Medal. I feel, 
Sir, on looking back on the work of the last 25 years how little I 
have been able to do compared with what I proposed to do, and I 
consoie myself with the knowledge that this is the common ex- 
perience of all workers in all subjects. My main work has been in 
that field of Geological inquiry which looks towards history, in which 
Sir Charless Lyell, the founder of the Medal, rejoiced to labour, and 
its results have for the most part been published in the Journal of this 
Society. I feel therefore peculiar gratification in receiving in the name 
of this Society this medal for work done in Sir Charles Lyell’s favourite 
field. If I may speak of the future, I would say that I shall work 
all the harder through this mark of approbation of the Society, and 
that I hope to be able to do a little, in the time that is left to me, 
to fill up the blank which lies between our science and history. 
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AWARD OF THE LYELL GroLOGICcCAL FUND. 


The PresIpENT next presented to M. Louis Dotto the Balance of 
the Proceeds of the Lyell Geological Fund, and addressed him as 
fellows :— 


M. Dott0o,— 


The Reptilian Faunas of the Upper Secondary and the Tertiary 
strata of Belgium have only of late years become generally known 
to geologists, That the scientific world is now better informed con- 
cerning the wonderful remains of Cretaceous Dinosaurs, Mosasaurs, 
and Crocodiles, and both Cretaceous and Tertiary Chelonia from 
the Belgian beds is in great part due to your descriptions. In 
awarding to you the Balance of the Lyell Fund the Council of the 
Geological Society hope to aid you in prosecuting further researches. 


M. Dotto, in reply, said :— 
Mr. PReEsIDENT,— 


I beg to express my acknowledgments for the honour which has 
been bestowed upon me by the Geological Society. This encourage- 
ment will stimulate my energies in the field of paleontology, and my 
greatest and sincere desire is that I may, on any occasion, render 
myself useful to the Geological Society of London, and fully deserving 
of the favour which it has been pleased to confer upon me. 

The nature of the researches to which I have devoted these last 
years has afforded me the advantage of frequent intercourse with 
many of the paleontologists in this country; and I wish on this 
eccasion to express to them my indebtedness for the many encourage- 
ments I have received. 


AWARD oF THE Bieaspy Mepat. 
In presenting the Bigsby Medal to Mr. J.J. Harris Tuatt, F.G.S., 
the PRESIDENT said :— 
Mr. TEALt,— 
Your contributions to the Petrology of the British Islands have 
had a great influence on the views of British geologists. In your 


papers on the dykes of Northern England and Scotland you have 
added much to our previous knowledge, and in your description of 
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the metamorphosis of dolerite into hornblende-schist you succeeded 
in proving what had certainly been suspected, but probably never so 
clearly demonstrated before, the production of foliated rocks by the 
action of mechanical forces on igneous formations. Your ‘ British 
Petrography,’ the concluding part of which has recently appeared, 
contains many original observations, and well maintains the scien- 
tific character of your previous writings, whilst it supplies a much- 
needed desideratnm to the geologists of this country. The Council 
of this Society, whilst awarding to you the Bigsby Medal in token 
of the esteem in which they hold your work, hope that your ‘ British 
Petrography’ may be the precursor of other equally valuable additions 
to our science. 


Mr. Tat, in reply, said :— 


I beg to offer my sincere thanks to the Council for the honour 
they have conferred upon me, and to you, Sir, for the kind way in 
which you have referred to my work. 

There is an accidental circumstance which adds to the pleasure I 
feel on this occasion; it is that I receive the Bigsby Medal on the 
day that my earliest instructor receives the highest award which 
this Society can give. Ishould not be standing here to-day if it had 
not been my good fortune to come in contact with Prof. Bonney at 
Cambridge. 


ANNIVERSARY ADDRESS OF THE PRESIDENT. eee 


THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 
W. T. Branrorp, LL.D., F.R.S. 


GENTLEMEN, 


It is our custom on these occasions, as you are aware, after doing 
honour to those whom the Society regards as worthy of its awards, 
to recall to memory those who, in the course of the year just ter- 
minated, have passed away from amongst us. 

Although the tale of our losses is heavy, the number of deaths 
recorded in our list (61 Fellows and Foreign Members, to which I 
have to add one Foreign Correspondent, the news of whose death 
has arrived very recently), as has already been explained in the 
Council’s Report, gives a somewhat exaggerated idea of it, many of 
the deaths having really taken place in previous years, although 
they were not reported for want of the information now procured 
through a thorough inquiry by our officers. 


GrerHarD Vom Rats, Professor of Geology and Mineralogy in the 
University of Bonn, died on the 25rd April last. He was born on 
the 20th August, 1830, at Dinsburg in Prussia. His father, who 
was a successful manufacturer of beetroot sugar, moved with his 
family to Cologne in 1840, and Vom Rath’s early studies were carried 
on at the Jesuiten-Gymnasium of that city. In 1848 he attended 
the Rhenish High School at Bonn, and shortly afterwards entered 
the University of the same city, where he remained till 1852, when 
he proceeded to Berlin, and continued his studies under Rose, Weiss, 
Rammelsberg, and other distinguished chemists and mineralogists. 
At Berlin he took his Doctor’s degree in July 1853, taking for his 
thesis a chemical and mineralogical dissertation on the composition 
and alteration-products of Wernerite. 

After a journey to Italy, which lasted nine months, and another in 
company with Gustav Rose to Silesia, he returned to Bonn in 1856, 
and after assisting Néggerath, then Professor of Geology and 
Director of the Mineralogical Museum, for some years, he was 
appointed Extraordimary Professor in July 1863, and Ordinary 
Professor of Geology and Mineralogy in April 1872. The Directorship 
of the Mineralogical Museum was placed in his hands in December 
of the same year, on the retirement of Prof. Noggerath. In 1878, 
on the death of Gustav Rose, Vom Rath was offered the vacant 
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Professorship of Mineralogy in Berlin, but declined to leave Bonn, 
where he remained throughout the remainder of his life, except 
during the numerous journeys which he undertook after 1880. In 
that year he gave up his Professorships, being appointed instead 
‘Ordinary Honorary Professor ;” and during the remainder of his 
life he visited many parts of Europe, Palestine, and the United States. 
He was starting for a journey in Southern Europe when he was 
struck down at the Coblence railway station by a paralytic stroke 
which was followed shortly by his death. He was elected a Corre- 
sponding Member of this Society in 1879, and a Foreign Member 
last year. 

The most important of Gerhard Vom Rath’s numerous papers relate 
to mineralogy, and more especially to chemical mineralogy, though 
he also published many crystallographical notes. His papers have 
been greatly praised for exactitude. He also wrote on the geology 
of the countries he visited, on their physical geography, and their 
inhabitants. Although his name is attached to no great work, he 
filled an important part. To agreeable manners and wide know- 
ledge he added an extensive acquaintance with scientific men 
throughout the civilized world. One proof of his influence was his 
success in pursuading the Prussian Government to purchase for the 
Mineralogical Museum at Bonn the private mineral collection, con- 
taining 14,000 specimens, of Krantz, the well-known mineral-dealer, 
at a price of 144,000 marks (£7200). He was an honorary or 
corresponding Member of numerous Academies and Societies in 
various parts of Europe and in the United States. 


THropor Ksrrutr, Professor of Geology in the University of 
Christiania, and Director of the Geological Survey of Norway, was 
born at Christiania on March 30th, 1825, and died in the same city 
on October 25th, 1888. After taking his degree in the University of 
his native city, he went to Germany, and for some time studied in 
Bunsen’s laboratory. In 1858 he became Professor of Geology in the 
Christiania University, and soon after he was placed in charge of 
the Norwegian Geological Survey. He became a Foreign Corre- 
spondent of this Society in 1864, and a Foreign Member in 1875. 

Professor Kjerulf’s contributions to the geological knowledge of 
his native land are extensive, and contain descriptions of most of 
the principal Norwegian formations, especially of those found in 
Southern Norway. The most important of his Survey publications, 
‘“‘ Udsigt over det Sydlige Norges Geologi,” a work of over 260 pages, 
with an atlas of 39 plates anda geological map, which appeared in 
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1879, contains the principal results of 20 years’ observations in 
Southern Norway. Amongst the subjects to which, in this and 
other works, his attention was especially devoted, were the Archean 
and Paleozoic rocks of Norway, and the traces of glacial action so 
conspicuous in parts of that country. 


Sir Cuartes Trrston Brieut, at the time of his death in May last, 
at the age of 56, had been a Fellow of this Society for a quarter of 
a century. He was born at Wanstead in 1832, educated at Mer- 
chant Taylors’ School, and, at the age of 15, entered the service of 
the Electric Telegraph Company, established to work the patents of 
Cooke and Wheatstone. From this time his life was devoted to 
electric telegraphy, and both as inventor and as engineer his 
name became a “ household word” in connexion with the series of 
enterprises that have so marvellously accelerated the means of com- 
munication between all civilized nations in the course of the last 
40 years. He took a leading part in 1853 in laying a submarine 
cable between Portpatrick in Scotland and Donaghadee in Ireland ; 
and in 1858, after an unsuccessful attempt in the previous year, he 
achieved the historical feat, as engineer, of laying the first Atlantic 
Cable. It is true that this cable, although successfully laid, failed 
shortly afterwards, but the great first step had been taken, and the 
task, once achieved, was soon repeated. This signal scientific victory 
was largely due to the previous experiments of Mr. Bright, and 
there has probably seldom, in modern times, been an instance in 
which knighthood has been more worthily bestowed than it was in 
this case on a young man of only 26. 

For the ten or twelve years following the laying of the first 
Atlantic Cable, Sir C. Bright was engaged in establishing submarine 
communication in various parts of the world. One of the most 
important expeditions to which he was attached was that in 1860, 
of H.M.S. ‘ Bulldog,’ and the private steam-yacht ‘ Fox’ sent to 
survey a proposed route for a Transatlantic cable, vd Iceland, 
Greenland, and Newfoundland. Later he was chiefly engaged in 
various commercial undertakings, most of them connected with 
telegraphy. He was President of the Society of Telegraph Engineers 
and Electricians in the Jubilee year of the Telegraph (1887), which 
coincided with the Jubilee year of Her Majesty’s reign. So far as 
I can ascertain, he never wrote on any geological subject. 


Wirr1am Hertrier Barry, who died at Rathmines, near Dublin, 
on August 6th, had ceased for upwards of 30 years to be a resident 
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of this city, but for the previous 13 years he was well known to 
many London geologists and to all connected in any way with 
the Geological Survey or the Royal School of Mines. Born at 
Bristol, July 7th, 1819, Mr. Baily became an assistant Curator in 
the Bristol Museum in 1837, and in 1844 was attached to the 
Geological Survey of Great Britain as draughtsman, joining the 
staff as Assistant Geologist under Sir H. de la Beche in the following 
year. From that time till 1857 he was occupied in paleontological 
work connected with the Survey; but in the latter year he removed 
to Dublin on being appointed Paleontologist to the Irish Survey, a 
post which he held until his death. In 1868 he received the addi- 
tional appointment of Demonstrator in Paleontology to the Royal 
College of Science for Ireland. 

Mr. Baily belonged to a group of scientific men who have now 
become rare in the British Islands, although they still flourish in 
goodly numbers in several continental countries. They were 
Palzontologists, but not specialists, and many of them were at the 
same time excellent stratigraphical geologists. Mr. Baily’s first 
two published papers, which appeared in the eleventh and fourteenth 
volumes of the Society’s Quarterly Journal, “‘ Descriptions of some 
Cretaceous Fossils from South Africa” and “ Descriptions of Fossil 
Invertebrata from the Crimea,” belonged to a class that has grown 
rare in English publications at the present day. They contained 
identifications and descriptions of a large number of fossil species, 
sponges, corals, Bryozoa, Echinoderms, and Mollusca, from various 
beds of Jurassic, Cretaceous, and Tertiary age. The new species were 
described and well figured by the author himself. But two of Mr. 
Baily’s later papers were published in the Society’s Journal, the 
majority having appeared, either in connexion with the Irish 
Survey, in official publications, or in the Journals and Proceedings 
of the learned Societies of Dublin. In 1867 he commenced the 
publication of ‘‘ Figures of characteristic British Fossils,” and was 
awarded the proceeds of the Wollaston Donation Fund in aid of the 
work. Unfortunately the undertaking was not a pecuniary success, 
and only the Palzozoic portion was ever published. 

One of Mr. Baily’s best claims to the gratitude of his fellow-geologists 
consists in his admirable and artistic figures. He was an excellent 
draughtsman and lithographer, and in his case the talent was 
hereditary, both his father and grandfather having been remarkable 
for artistic skill, whilst his uncle, E. H. Baily, R.A., was the well- 
known sculptor. Personally, the object of these notes was a kind- 
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hearted earnest worker, and I well remember, when I was studying 
at the School of Mines, how ready he was to afford any of us 
assistance. 


One of the greatest losses that the Society has sustained in 1888 
is caused by the death, at the early age of 34, of Hrnry Carvith 
Lewis. He was born in Philadelphia, U.S.A., on November 16th, 
1853, and graduated at the University of Pennsylvania in 1873. 
He remained in the University, studying Natural History, for three 
years after taking his M.A. degree in 1876, and from 1879 till 1884 
served as a volunteer on the staff of the Geological Survey of Penn- 
sylvania under Professor Lesley. In 1880 he was elected Professor 
of Mineralogy in the Academy of Natural Sciences, Philadelphia, 
and in 1883 he was appointed, in addition, Professor of Geology in 
Haverford College, Pennsylvania. He held both appointments until 
his death. 

The question to which Professor Carvill Lewis’s attention was 
especially devoted, whilst engaged on the staff of the Pennsylvanian 
Geological Survey, was the delimitation, within the State of Penn- 
sylvania, of the old ice-sheet that covered so large a portion of 
North America in the Glacial period, and the mapping of the 
terminal moraine. To this work some other members of the Geo- 
logical Survey contributed, and important assistance was given by 
another volunteer, the Rev. G. F. Wright. But the principal field- 
observations were made by Professor Carvill Lewis himself, and 
the “‘ Report on the Terminal Moraine in Pennsylvania and New 
York,” published in 1884, is entirely written by him. It is the 
most important work of which he was the author, and contains a 
mass of information not only concerning the limits of the North- 
American ice-sheet, but also regarding its action and effects within 
those limits. 

In 1885 Professor Carvill Lewis came to Europe, and from that 
year till his untimely death was engaged during the summers in 
applying to England, Ireland, and portions of Germany and Switzer- 
land the observations made on the evidence of ice-action in Penn- 
sylvania, and during the winters in studying petrology with Prof. 
Rosenbusch at Heidelberg. Some of the results of Prof. Lewis’s 
observations on the glacial phenomena of Great Britain and Ireland 
were presented to the British Association in 1886 and 1887; but 
as there were still several points on which he wished for further in- 
formation, no complete account of his views was published. He, 
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however, distributed maps on which the limits of the various ice- 
sheets, as traced out by him, were laid down. Up to the Manchester 
Meeting of the British Association in 1887 he was disposed to 
attribute all Pleistocene glacial phenomena, in the British Isles as 
in America, to one uninterrupted period of cold; but a short notice 
contributed by his widow, Mrs. Lewis, to the ‘ Geological Magazine’ 
shows that he had seen reason to modify his views in this respect 
after a visit to Frankley Hill, in Worcestershire, in company with 
Dr. H. W. Crosskey. Unhappily his study of the glacial pheno- 
mena of the British Isles was never completed, and the hopes enter- 
tained by many geologists of this country that much light would be 
thrown upon one of the most interesting, but also one of the most 
difficult problems in geology, by the work of one so singularly 
qualified for the study, were not fulfilled. In the course of a visit 
to America last spring, Professor Carvill Lewis was attacked by 
typhoid fever, from which he died at Manchester, soon after his 
return to Europe, on the 21st July, 1888. 

The papers published by Professor Carvill Lewis on subjects not 
relating to the traces of the Glacial epoch were chiefly mineralo- 
gical, 

To many English geologists, as to myself, Professor Carvill Lewis 
became first known personally at the Montreal Meeting of the 
British Association by the great energy and kindness with which, 
as the representative of the Philadelphia Committee, he gave 
assistance to all members of the British Association who wished to 
go from Montreal to the American Association Meeting at Phila- 
delphia. No one could have been better selected as a representative 
of American hospitality. The charm of a peculiarly pleasant 
manner, a thoroughly scientific mind, and very considerable energy, 
have won for him in the course of the few years that have elapsed 
since his arrival in Europe, not only in England, but also on the 
continent, a large circle of friends, and the loss of one so highly 
esteemed, and for whom so brilliant a career was anticipated, has 
produced as widely spread a feeling of sorrow on this side of the 
Atlantic as in America. 


Vice-Admiral Tuomas A. B. Sprart, C.B., F.R.S., who died on 
the 10th March, 1888, was born in the year 1811, and entered the 
Navy in 1827. He was the eldest son of Commander James Spratt, 
who greatly distinguished himself whilst serving on board H.M.S. 
‘ Defiance’ at the battle of Trafalgar. From the commencement 
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of his naval career the late Admiral was attached to the surveying 
branch of the Navy, and served almost continuously from 1827 till 
1863 in the Mediterranean, at first under Captain Thomas Graves, 
in H.M.SS. ‘ Mastiff’ and ‘ Beacon,’ and subsequently, from 1847, 
in command successively of H.M.SS. ‘ Voyage,’ ‘Spitfire,’ and 
‘ Medina.’ 

During the Crimean war, the ‘ Spitfire,’ under Commander Spratt, 
was attached to the fleet then engaged in hostilities with Russia. 
He took part in the siege of Sebastopol, planned the attacks on 
Kertch and Kinburn, and led the allied fleets to their positions at 
the latter place. He made numerous surveys required for the 
anchorage or operations of the fleet, and repeatedly received the 
acknowledgments of Admiral Sir E. Lyons, Commanding-in-Chief, 
for his services. For these he was promoted to the rank of Captain 
in January 1855, and received the Companionship of the Bath and 
the rank of Officer in the Legion of Honour at the close of the 
war. 

After the war Captain Spratt, in command of the ‘ Medina,’ 
was again engaged in hydrographical surveys, chiefly in the Greek 
Archipelago, till 1863, when he returned to England, and did not 
again serve actively afloat. He was Commissioner of Fisheries 
from 1866 to 1873, and Acting-Conservator of the Mersey from 
1879 till his death at his residence, Clare Lodge, Tunbridge Wells. 
He became a Fellow of this Society in 1843, and was a Member of the 
Council in 1866 and 1867, and again from 1876 till 1879. 

Although the most important scientific work of our late Fellow 
was that immediately connected with the surveying branch of the 
Navy—and he was well known for the excellence of his surveys— 
he was a man of wide sympathy and cultured taste, and he not only 
made use of the opportunities presented to him, as to many other 
naval officers, for studying the geology of the regions in which he was 
engaged, but he devoted much time to tracing the ancient history of 
the Levant, and to the identification of the cities, rivers, mountains, 
and seaports of the classical Greek writers. At an early period of 
his career he had the advantage of being associated for two years 
with the late Professor Edward Forbes, who was engaged as 
Naturalist in the ‘ Beacon,’ under Captain Thomas Graves, from 
1841 to 1843, and who then made the observations on the bathy- 
metrical distribution of marine life that led to his well-known 
arrangement of the fauna in submarine zones. There can be little 
doubt that both Lieut. Spratt and Prof. Edward Forbes profited by 
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this association: the former, in his ‘Travels in Crete,’ published 
many years after, repeatedly referred to Prof. Forbes as his guide 
in scientific inquiry; and Sir R. Murchison, in his address to the 
Royal Geographical Society in 1865, whilst speaking in the highest 
terms of the work just quoted asa ‘“ masterly illustration of the 
physical geography, geology, archeology, natural history, and 
scenery of the diversified island of Crete,’ adds that “ without the 
deep soundings and dredgings conducted by Captain Spratt, we 
should never have obtained the grand views of Edward Forbes on 
the submarine zones inhabited by different classes of animals.” The 
two friends published a joint work ‘ Travels in Lycia, Milyas, and 
the Cibyratis ’ in 1847, full of sketches and plans (for both were 
accomplished draughtsmen), and replete with details of ancient cities 
and of the rocks from which their building-stones were derived. 
From 1845 to 1860 Captain Spratt was a not unfrequent con- 
tributor to the Society’s Journal, all his papers describing the 
geology of various countries in the Levant. He paid especial atten- 
tion to the freshwater Tertiary beds of the Greek islands, the shores 
of Asia Minor, and the lower valley of the Danube, and several of 
his communications refer to these formations. At a later period he 
published in our Journal some notes on the bone-caves of Malta, 
and on the coal-deposits of Erekli in Bithynia. But he contributed 
to other publications many valuable observations on deep soundings, 
on current-action, and on the deltas of the Nile and Danube. His 
principal work, however, after his retirement from active naval 
service was that already mentioned—his ‘ Travels and Researches in 
Crete, in two volumes, which appeared in 1865. ‘This gave an 
account of his journeys through the island in connexion with the 
hydrographical survey of its coasts, his identifications of ancient 
sites, and many notes on physical geography, geology, and zoology. 


The Rt. Hon. Cuartes Saaw Lerevre, Viscount EversLey, 
G.C.B., D.C.L., Hon. M.Inst.C.E., who died December 28, 1888, 
had been a Fellow of this Society for 58 years. He was born in 
1794, and was the eldest son of Mr. Charles Shaw, M.P. for Reading, 
and of Helena, the daughter of Mr. J. Lefevre, a descendant of an 
old French Huguenot family. Mr. Charles Shaw Lefevre was edu- 
cated at Winchester and at Trinity College, Cambridge, and entered 
Parliament as Member for Downton in the same year in which he 
joined the Geological Society. He afterwards represented North 
Hampshire. He was Speaker from 1839 to 1857, when he became 
a peer and retired from public life. 
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GivsErPE Menrcurnt, Senator of the Kingdom of Italy, Professor 
of Geology and Mineralogy at the University of Pisa, the oldest and 
one of the most widely known of Italian Geologists, died on the 29th 
January, 1889. He was born in Padua on the 30th July, 1811, 
studied at the University of the same city, and took the degree of 
doctor of medicine there in 1834. Towards the end of the same year 
he became assistant to the Professor of Botany at Padua. In 
1839 he received the Professorship of Physics, Chemistry, and 
Botany in the Medical School of the Padua University. In 1848, 
in consequence of political complications, he was driven from 
Padua; but in 1849 he was installed in Pisa as Professor of Geology 
and Mineralogy, and remained there tillghis death. The Jubilee of 
his professional career was celebrated in 1884. 

The news of Professor Meneghini’s death was telegraphed to me 
by his colleague, Prof. d’Achiardi, in time for me to request our 
Foreign Member, Prof. Capellini, who was at Pisa, to represent the 
Society at the funeral. This he was so good as to do. 

Professor Meneghini’s earlier scientific publications were chiefly 
botanical. Up to the time of his leaving Padua he had only 
written afew unimportant papers on geological subjects. Amongst 
his numerous subsequent contributions to various branches of 
science the most valuable were paleontological, especially his 
‘Palzontology of Sardinia,’ published in 1857. To this work 
additions were subsequently made as new materials were obtained, 
and one of these, which appeared in 1881, contained descriptions 
of Cambrian Trilobites from the island. Another important work 
of Meneghini’s was his ‘Monograph of the Fossils belonging to the 
Red Limestone with Ammonites of Lombardy, the Apennines, and 
Central Italy.’ Besides his paleontological work, he wrote a few 
mineralogical papers, one of the best known being that in which, 
in association with E. Bechi, he described some curious zeolites 
containing magnesia in considerable quantities. 

Professor Meneghini was elected a Foreign Correspondent of this 
Society in 1863, and a Foreign Member in 1884. 


Within the last week I have received information of the death, 
on the 3rd of February 1889, of another Italian Geologist, a Foreign 
Correspondent of this Society, Gruseprpr SecuEnzA, Professor of 
Geology in the University of Messina. Owing to the death having 
occurred so recently, I have been unable to learn full details of 
his life. He was born in 1833. His writings, which were very 


46 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


numerous, were chiefly devoted to the paleontology of the Tertiary 
beds of Sicily, and, to assist him in this work, the Wollaston Fund was 
awarded to him by our Council in 1876. He was elected a Foreign 
Correspondent in 1874. 


JoHN Brown, M.Inst.C.E., was born at Stafford in 1823, and 
became a Fellow of this Society in 1857. He was engineer to 
several different collieries in succession, that of which he was in 
charge the longest being the Cannock Chase Colliery, from which 
he retired in 18738. He became well known at this and at other 
collieries by the improvements which he introduced into the method 
of working, especially in winding-gear. Mr. Brown was at one time 
a partner in a firm of engineers, Brown and Jeffcock of Sheffield and 
Barnsley, but during a large part of his life he occupied the position 
of consulting engineer, his advice being widely sought by colliery 
owners in the midland counties. He was at different times President 
of both the South Staffordshire and the North Staffordshire Mining 
Institutes, and he was the first honorary Professor of Mining at the 
Mason Science College, Birmingham. His death took place in 
November last. 


Amongst the Fellows whose names have only been removed from 
our list within the past twelvemonth, their deaths having been pre- 
viously overlooked, there is one whose loss should not be passed 
over without notice. Wirtriam Oetpy, M.A., F.ZS., F.L.S., 
F.R.A.S., died on the lst September, 1873, in the 65th year of 
his age. He was born in the north of Ireland, and was the son 
of Leslie Ogilby, of Liscleen, county Tyrone. He was a student of 
Trinity College, Cambridge, and graduated in 1829. He was called 
to the Bar on November 20th, 1832; and practised as a barrister 
in London until 1846, when he returned to Ireland, and resided for 
the remainder of his life at Altnachree Castle, Tyrone. He was 
a Magistrate and Deputy-Lieutenant of the county, and served the 
office of High Sheriff in 1853. 

Mr. Ogilby was Hon. Secretary of the Zoological Society from 
1839 to 1846, and contributed numerous papers, chiefly on Mammalia, 
to that Society’s ‘ Proceedings.’ He also wrote the treatise on the 
“Mammalogy of the Himalayas” in the Appendix to Royle’s 
‘Himalayan Botany.’ He became a Fellow of this Society in 1832 ; 
but his only contribution to its publications was a paper “On the 
Structure and Relations of the presumed Marsupial remains from the 
Stonesfield Slate,” which appeared in the ‘ Proceedings’ for 1838. 
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The volume of the Society's Quarterly Journal for the year 1888 
is considerably thicker than that published in each of the preceding 
years since 1882. Increase in the bulk of a book, as all scientific 
workers know, and none better than geologists, is no evidence of 
increase in the value of its contents; many works of portentous 
dimensions are remarkable for nothing but their size; but im the 
present case the additional space has been occupied by several papers 
of greater length than usual, and these papers are, I think, of 
importance not disproportionate to their length. In fact one of the 
longest, the Report on recent work in the Western Highlands, by 
officers of the Geological Survey, is a condensed abstract of obser- 
vations by several geologists extending over many years, which 
might easily fill, and probably, when published with full details, will 
fill one or more volumes. No papers aid more in maintaining the 
high character of our Journal than those which give the general 
results of an extensive series of observations, with only such details 
as are essential in order to enable those results to be understood. 

The paper that I have just mentioned, on the recent work of the 
Geological Survey in the North-west Highlands, is, probably, the 
most important paper on Geological Dynamics that has been brought 
before the Society this year, perhaps for several years, even when 
the value of the new stratigraphical information and of the con- 
tribution to the bistory of metamorphism is disregarded. It is 
perfectly true that the principal conclusions as to the distortion of 
strata were not new; they had been published already by other- 
observers, and resulted from the application of observations made by 
various geologists in the Alps and elsewhere; but as the geological 
examination of the Highlands had never before been extended over so 
large an area in any detail, the views adopted had not been tested 
by a systematic and exhaustive survey. Until this had been done, 
geologists were perfectly justified in suspending their judgment ; but 
since the careful and thorough survey of Messrs. Peach and Horne 
and their colleagues has confirmed the views of Professor Lapworth 
(and in great part those of Nicol and several other observers), the 
theory of enormous lateral movement in rocks, involving changes in 
position of many miles, and the actual thrust of masses forming 
mountains over each other, has received a sufficient amount of confir- 
mation to justify our believing that the problem of the actual process 
of mountain-formation is solved, and that it now only remains to 
determine the cause. 

This, however, is only one of the principal questions on which 
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light is thrown by this Report; to many geologists the evidence 
showing the connexion between great terrestrial movements and the 
metamorphism of rocks will prove of even higher interest than the 
mere physical phenomena of distortion. But it is very doubtful 
whether there will be a similar amount of acquiescence in the 
results. In a subsequent paragraph I may have to call attention 
briefly to this question again in connexion with the apparently 
almost hopeless conflict of opinion on the subject of metamorphism 
that has been brought prominently forward by the recent Geological 
Congress. 

Three other papers of considerable length, that by one of our 
Secretaries, Mr. Marr, and Prof. H. A. Nicholson, on the Stockdale 
Shales, that by Mr. W. Hill on the Lower Beds of the Upper Cre- 
taceous series in Lincolnshire and Yorkshire, and that by Messrs. 
Gardner, Keeping, and Monckton, on the Upper Eocene, are valu- 
able contributions to an accurate knowledge of English stratigraphy. 
All are the results of long and painstaking research, and in all the 
details are an essential part of the paper. 

The fifth, the longest paper of all, that by Prof. J. F. Blake, “On 
the Monian System of Rocks,” is perhaps the most ambitious as well. 
Nearly sixty years have now elapsed since Sedgwick proposed the 
name of Cambrian for the system that was regarded then, as by 
many zeologists it still is, as the lowest containing organic remains. 
Hitherto the beds beneath the Cambrian have been classed as Pre- 
Cambrian or Archean, and although many names have been con- 
ferred on local subdivisions, and some attempts, hitherto not dis- 
tinguished by much success, have been made to correlate these 
subdivisions in different regions, the question of classification has 
been, almost by general consent, postponed for further information. 
Professor Blake, however, holds that a great system composed 
three subdivisions can be traced in the Island of Anglesey and the 
county of Wicklow, below the base of the Cambrian ; that this Pre- 
Cambrian system is mainly of sedimentary origin, although igneous 
rocks are abundantly developed within its limits; that in short the 
“‘Monian System,” as he proposes to call it, may be regarded “as 
an ordinary stratified system, perhaps fossiliferous on more than one 
horizon, and constituting the lowest member of the sedimentary 
series.” Some suggestions are offered as to the correlation of various 
Pre-Cambrian rocks in other parts of the British Islands and in 
Belgium. 

There are other prizes besides fair ladies that faint hearts fail to 
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win, and if Professor Blake does not achieve success I am sure he 
must feel with Pontius in Addison’s Cato that he deserves it. It 
will probably be some years before any decisive verdict can be given 
as to the validity of Prof. Blake’s views. The Pre-Cambrian 
rocks are confessedly one of the puzzles of modern geology, and 
whoever produces the clue to their history will have deserved well 
of geologists. Meantime there is this unquestionable advantage in 
Prof. Blake’s position, that he has proposed a definite classification 
founded upon detailed observations, to be confirmed or disproved ; 
and a definite classification, like a fixed position in war, simplifies 
both attack and defence. 

The last of the longer papers published during the past year, 
though not equal in length to those already mentioned, is Pro- 
fessor A. H. Green’s account of the Geology and Physical Geo- 
graphy of the Cape Colony. This paper, although founded on com- 
paratively brief observations by the Author, has furnished a greatly 
needed epitome of the somewhat conflicting accounts given by 
previous writers, and for the first time has afforded a concise 
readable sketch of South-African geology by one who has been able 
to study the subject on the spot. Almost simultaneously with the 
appearance of Prof. Green’s paper, an account by Dr. A. Schenk of 
“the Geological Development of South Africa” was published in 
Petermann’s ‘ Mittheilungen,’ and the classification adopted for the 
sedimentary formations is practically identical with Prof. Green’s. 
The relations of that great system of South-African freshwater beds 
known to most Cape geologists by the name of Karoo (the term is 
applied only to a subdivision, by Prof. Green) to the underlying 
rocks are now fairly known, and the principal problem left is the 
relation between the Upper or Stormberg beds of the Karoo System 
and the Neocomian beds near Algoa Bay. I long since suggested 
the possibility, as in the precisely parallel series of conditions in 
India, of the two being in part, at all events, of contemporaneous 
origin. 

The six papers mentioned occupy together 366 out of the 859 
pages in the last year’s Quarterly Journal (exclusive of the Proceed- 
ings). So far as my official experience of the Society’s publications 
has extended, an equally large proportion of papers with an average 
length of 60 pages is unusual. But all the papers named, and the 
majority of them in an eminent degree, possess the character that 
my predecessor in this Chair at the last anniversary meeting of the 
Society laid down as justifying admission to the pages of the Journal. 
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Each represents “the result of carefully matured efforts,” and some 
of the long papers I have quoted are remarkable for both clearness 
and conciseness, 

Many of the other papers read before the Society and published 
in its Journal during the past year form valuable additions to our 
stock of knowledge, and it will not, I trust, be thought that my 
omission to mention them separately indicates an idea that they are 
inferior in value to those already cited. The longer papers have 
only been noticed in order to explain the additional bulk of the 
Society’s Journal. | 


To English geologists generally, and especially to the Fellows of 
the Geological Society of London, the most interesting occurrence 
of the past year in connexion with our science has been the meeting 
of the International Geological Congress in this city. The history 
of that body is so well known that it is unnecessary for me to 
recapitulate it further than to remind you that the idea of a congress 
originated in the United States of America, at the Buffalo Meeting 
of the American Association for the Advancement of Science, in 
1876, and that meetings of the Congress have since been held at 
Paris in 1878, Bologna in 1881, Berlin in 1885, and London in 
18388. 

But although the history of the congress itself has been related 
in some detail on more than one occasion, and recently by Prof. 
Prestwich in his opening address to the London Congress, I have 
met with no general account in English of the work done by the 
Congress and its committees. As I have had the advantage of 
taking part in the last three Congresses, and as I have attended 
most of the meetings of the International Committee for the unifi- 
cation of nomenclature since 1881, I may perhaps be able to give 
to the Fellows of this Society a few additional details, and thence 
to pass to the consideration of the question how far the action of 
the Congress hitherto has fulfilled the expectations of its founders. 

In order to explain the subject to those who have not followed 
the history of the Congress closely, it will be necessary to go into 
some detail, and I must ask the Fellows of the Geological Society to 
bear in mind that in treating of a body mainly composed of European 
geologists, I occupy to some extent an alien position. At Bologna 
and at Berlin I attended the Congress as the official representative 
of the Geological Survey of India, and it is probable that on several 
questions English geologists hold views differing materially from 
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mine, whilst if the Reports of the British subcommittees on classifi- 
cation and nomenclature, and the Preface by Prof. Hughes, as 
presented to last year’s Congress, faithfully represent the opinions of 
British geologists, I am obliged to dissent in some respects, as I will 
endeavour to explain hereafter. 

I must also point out that several of the subjects to which I pro- 
pose to refer have been treated with great clearness by Prof. G. K. 
Gilbert, in his able address read at New York in August 1887, to 
Section E of the American Association. In the majority of Prof. 
Gilbert’s views I heartily agree, and like myself he regards the 
whole question from an extra-HKuropean standpoint. 

There may be some difficulty in ascertaining what were the 
expectations of the geologists who originally suggested the idea of 
the Congress, and it may even be questioned whether the anticipa- 
tions of all who assisted in the conception of that body were 
similar. The object of the Congress, as expressed in the resolution 
passed by the meeting of the American Association in 1876, was 
‘for the purpose of getting together comparative collections, maps, 
and sections, and for the settling of many obscure points relating to 
geological classification and nomenclature ” &c.; and this object was 
further defined and, so far as it is possible to judge, correctly defined 
at the Paris Meeting, where two International Committees were 
appointed, the one to deal with the unification of geological nomen- 
clature, the other to propose a general system of coloration and 
signs for geological maps. A third committee, composed entirely of 
French members, was formed to consider the rules of paleontological 
and mineralogical nomenclature. 

Of the subjects referred to the third committee one, and that the 
only one upon which a Report was presented and action was taken, 
was clearly beyond the scope of a Geological Congress. Palonto- 
logy, so far as the nomenclature is concerned, is purely a branch of 
biology, and paleontologists must adhere to the rules of nomencla- 
ture already established in zoology and botany. 

Unfortunately zoological rules have not the same general accep- 
tance as botanical ; some zoologists are men with but little scien- 
tific training and imperfectly informed, and a few refuse to submit 
to any rules but those of their own caprice; consequently, as pale- - 
ontology depends more upon Zoological than on botanical nomen- 
clature, there is much excuse for the offences against the rules of 
nomenclature in which it must be admitted that a few paleontolo- 
gists indulge. This eccentricity in nomenclature on the part of a 
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few paleontologists doubtless led to the nomination of a committee 
and to the proposal of a set of rules which, after discussion and 
amendment, were adopted by the Bologna Congress. These rules 
differ in no important respect from the Stricklandian Code of the 
British Association, adopted by a large majority of English and by 
many foreign zoologists. Although, as has already been said, the 
subject is not one on which a congress of geologists is entitled to 
speak with authority, it is but right to say that the discussion at 
Bologna was left entirely in the hands of biologists, and was closer, 
more to the point, and more free from intervention by unqualified 
speakers, than any other discussions that took place at that meeting ; 
in fact, coming at the conclusion of the week’s proceedings, the 
sittings were only attended by those who were interested in the 
question. The conclusions are therefore well worthy of the atten- 
tion of paleontologists. Amongst the most important are the 
exclusive acceptance of binomial terms and of the rules of Latin 
orthography, and the rejection of pre-Linnzan names. The rule 
that in future no paleontological specific names should be recognized 
as valid unless the species is figured as well as described, is also of 
great importance. One minor point, the recognition, under the 
name of “mutations,” of geological varieties, or forms, in strata of 
different age, corresponding to the geographical varieties or races 
inhabiting different areas on the earth’s surface, was a useful addi- 
tion to paleontological terms. 

The two more legitimate undertakings of the Bologna Congress 
have had a longer and more checkered history, and the story of the 
two has become much interwoven. Originally, as most geologists 
will remember, the two international committees, that for geological 
maps and that for nomenclature, were composed of a number of 
geologists, fourteen in the first case, fifteen in the second, each of 
whom represented his own country, and each of whom was expected 
to form, in that country, a national committee who should report 
to the general or international one. In the majority of cases such 
national committees were formed ; but, as might be expected, several 
sent in no Reports, whilst the recommendations of others were re- 
ceived too late to be noticed in the General Report drawn up by the 
Secretary of each international committee and laid before the 
Congress. 

The result was, that the General Report on the unification of map- 
coloration and signs, drawn up by Prof. Renevier, the Secretary 
of the International Committee, was founded on Reports from 
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Russia, Switzerland, France, Italy, Spain and Portugal (combined), 
and Belgium. No Reports had at that time been received from the 
committees formed in Germany, Austria, Great Britain, Scandinavia, 
or the United States. A Report from the English committee was 
received at the Bologna Congress, but was never before the members 
in a printed form. In short, of the fourteen countries represented 
on the international committee, the views of less than one half 
were in the hands of the Secretary when he drew up his General 
Report. 

The question of map-coloration was, however, not only important 
but urgent. It is easy to look back now and to see that the 
Bologna Congress would have acted with greater wisdom had it 
postponed several of the questions on which a decision was taken ; 
but it might fairly have been urged on the other hand that the 
crucial experiment of deciding scientific questions by the vote of a 
Congress was worth trying. Failure might have been foreseen ; but 
as there were many believers in the wisdom of majorities, it was 
well that they should have an opportunity of being undeceived. At 
all events a proposal was made by Prof. Renevier to establish a 
colour-scale for geological maps, and it is possible that, had his pro- 
posals been adopted as they stood, the scale would have had a better 
chance of being generally accepted than has that employed in the 
map of Europe. As Professor Renevier’s original scheme has been 
to a great extent forgotten, it may be as well to recall it. 

The whole of the sedimentary rocks were classed in four “ series ” 
(this was, of course, before a different signification had been allotted 
to the term), archeic, paleeozoic, mesozoic, and ceenozoic ; and each of 
the three latter was divided into three parts, to each of which a 
distinct tint was assigned. It was proposed that recent formations 
should be left white, and that the other sedimentary strata should 
be coloured as in the following list :— 


Pliocene (including Pleistocene). Pale sepia-yellow tinted orange. 
Canozoic. 4 Miocene. Brownish yellow (jaunechamois). 
Eocene. ‘ Gamboge-yellow. 
Cretaceous. Green. 
Mesozoic. } Jurassic. Blue. 
Trias. Brick-red. 
Permo-carboniferous. Dark grey. 
Pauzozoic. 4 Devonian. Brown. 
Silurian (including Cambrian). Violet. 
ARCHAIC. Pink, 


With regard to igneous rocks no recommendations were made, 
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the subject being regarded as not sufficiently studied. To one of 
the observations, however, which appears to me very important, I 
shall revert presently. 

The Bologna Congress, it will be recollected, only decided upon the 
colours for Pre-Cambrian and Mesozoic rocks, and in doing so 
accepted Prof. Renevier’s proposals, with the exception that, on his 
own recommendation, violet was adcpted for Trias instead of brick- 
red, as had been proposed in the printed Report. Yellow tints were 
accepted for Tertiary systems, the higher beds to be represented by 
paler shades. The selection of hues for Paleozoic rocks, and the 
whole question of the coloration to be adopted for igneous forma- 
tions, were referred to a committee appointed to arrange for the 
publication of a geological map of Europe. 

There can be little doubt that the adoption, almost without 
discussion, of a different colour from that originally recommended 
for the Trias, was one of the greatest mistakes made by the 
Congress. The question should have been postponed. But, in 
point of fact, the question of the colours to be adopted for maps is 
one of which very few geologists have any wide experience, and it 
is consequently one which a congress of geologists is ill qualified to 
discuss. 

Before passing away from Prof. Renevier’s Report, it is as well to 
call attention to the circumstance that some very useful proposals 
were accepted unanimously by the Congress. These were :—(1) That 
different shades of a colour (or, as some express it, different tones of 
a hue) should be adopted for subdivisions of a system, the darkest 
shade being employed for the oldest subdivision; (2) That the 
lettering or literal notation for sedimentary rocks in general should 
be founded on the Latin alphabet, and that for igneous rocks on the 
Greek ; (8) That each sedimentary system should be represented by 
a corresponding capital letter (¢. g., Jurassic by J), principal sub- 
divisions of each system by the addition of a small initial letter 
(Portlandian by Jp), and the minor subdivisions by figures (Jp’, 
Jp’, &c.), the most ancient of the latter being represented by the 
lowest figure. 

One other contribution to the question of map-coloration and 
signs was furnished by the essays sent in to the Congress to compete 
for the prize of 5000 franes (£200) offered by the King of Italy for 
the best memoir on these subjects. Although not one of the papers 
offered was deemed worthy of the full prize, three received awards 
and were published in the General Report of the Congress. All of 
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these—and especially the first, by M. Heim, of Zurich—contain 
useful suggestions. 

The principal result of the whole discussion in the various Com- 
mittees and in the Congress was, however, a resolution to publish, 
under the auspices of the Congress, a general geological map of 
Europe, on a scale of 1/1,500,000 (between 23 and 24 miles to the 
inch). It was arranged that the map should be prepared in Berlin 
under the direction of Prof. Beyrich and Mr. Hauchecorne, and the 
superintendence was entrusted to a Committee composed, in addition 
to the Directors and the Secretary (Prof. Renevier), of representatives 
of France, Italy, Russia, Austria, and Great Britain. This Com- 
mittee has gradually become a kind of general referee, to which all 
difficulties and contested points have been left for solution. 

The second international Committee already noticed—that for 
unification of geological nomenclature—should have been first men- 
tioned, if the various subjects presented for consideration to the 
Bologna Congress were arranged in the order of their relative im- 
portance. I have, however, left it for the last, because it appears to 
me to be the subject in which the smallest result was obtained. The 
national Committees certainly began at the beginning, but for the 
most part they unfortunately ended their labours before arriving at 
any conclusions of scientific importance. It may fairly be doubted 
whether the American founders of the Congress contemplated laying 
down rules for the abstract terms to be applied to subdivisions of 
strata or of geological time. But congresses, unlike men, do change 
their minds when they cross the ocean, and the geological ideas of 
Paris were naturally very different from those of Buffalo. It was 
only natural that, the first two Congresses being held amongst 
people of the Latin races, terms should be treated with the precision 
essential in the language employed at the Congress. Another con- 
sideration to be borne in mind is, that a very large proportion of 
the leading geologists are engaged in teaching students, and are 
consequently inclined to attach great, possibly, in some cases, too 
great importance to an exact definition of the terms to be used. 

It is scarcely necessary to recall to your recollection the geo- 
logical terms agreed upon by the Bologna Congress—how the words 
rock and formation were defined ; how it was resolved to divide the 
whole geological sequence of strata into groups, systems, series, 
stages, and “‘assises,” and to employ as terms of duration equi- 
valent to the first four the words era, period, epoch, and age. 
Unfortunately these terms, when adopted, were, by the nature of 
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the case, by no means rigorously defined, as it was impossible to 
say what was the relation in magnitude between, for instance, 
an epoch and a period; and although no difficulty was found in 
the division of all sedimentary rocks into great groups, and of 
geological time into great eras, the case was different when an 
attempt was made to divide the Paleozoic, Mesozoic, and Czenozoic 
groups or eras into systems or periods and series. This took place 
at a subsequent stage. 

As in Paris, so in Bologna, the consideration of the further steps 
to be taken towards the establishment of uniformity in geological 
nomenclature was entrusted to a Committee composed, on this 
occasion, of 17 members, each representing a separate country. 
Meetings of this Committee, and of that for the geological map 
of Europe, were held together in September 1882 at Foix in 
the Pyrenees, and in August 1883 at Zurich in Switzerland. Both 
meetings, considering that the members of the Committees came for 
the most part from distant parts of Hurope, were well attended. 
Of the 17 members of the Nomenclature Committee, 8 attended at 
Foix and 9 at Zurich; whilst of 8 members of the Committee for 
the preparation of a geological map of Europe, 5 were present on 
each occasion and took part in the discussions on nomenclature. 
These were mainly devoted to a classification of sedimentary and 
igneous rocks to be recommended to the Geological Congress of 
Berlin for adoption in the geological map of Europe. Questions 
relating to the coloration of the map were discussed by the Map 
Committee sitting by itself. Thus the whole question of unification, 
both of maps and of nomenclature proper, between the Bologna 
Congress of 1881 and the Berlin Congress of 1885 (and I think 
more real progress was made during this period than either before 
or after) was mainly limited to a thoroughly practical undertaking 
—the general classification of rocks, and the general system of 
coloration for adoption in the geological map of Europe. But 
although there were many advantages attending the practical form 
that the question of unification had taken, there was a serious 
disadvantage in the limitation of the discussion to Europe; and, in 
fact, this change involved a complete departure, unless I am much 
mistaken, from the intentions of the geologists by whom the 
original scheme of a congress was proposed. 

A scheme of classification in groups, systems, and series was 
drawn up by a Committee of German geologists and submitted 
to the Internationa] Committee for approval. It may be useful to 
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quote side by side the original list and that which was 
accepted for the map :—- 
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1. Gneiss and Protogine. Gneiss. 
2. Crystalline schists. | Crystalline schists. 
3. Phyllites. Azoic schists. 
4. Cambrian. Cambrian. 
5. Lower Silurian. Lower Silurian. 
6. Upper Silurian. Upper Silurian. 
7. Lower Devonian. Lower Devonian. 
8. Middle Devonian. | Middle Devonian. 
9. Upper Devonian. Upper Devonian. 
10. Lower Carboniferous. Lower Carboniferous. 
11. Upper Carboniferous. {t Upper Carboniferous. 
12. Lower Permian. eee 
13. Upper Permian. 
14. Lower Trias. Lower Trias. 
15. Middle Trias. Middle Trias. 
16. Upper Trias. Upper Trias. 
16’. Rhetian. 
17. Lower Jurassic. Lower Jurassic. 
18. Middle Jurassic. Middle Jurassic. 
19. Upper Jurassic. Lower Jurassic. 
ae noes CuSO: Lower Cretaceous. 
21. Upper Cretaceous. Uppers Cuctsceous: 
22. Hocene. Haeone 
22’. -Flysch. Ok : 
23. Oligocene pee ene: 
ae aeheas wi Miocene 
24. Miocene 5 ; 
° . ; Pliocene 
25. Pliocene. ; 
26. Diluvium, Quaternary*. 
27. Alluvium. Modern. 


On the classification of both sedimentary and plutonic formations 
many Reports were received from different National Committees. 
Several of these Reports contained replies to particular questions 
that had been circulated as to the classification of certain sub- 
divisions, such as Gault and Rheetic, and the method of dealing with 
strata of indefinite or transitional age, such as the Flysch. 

One very important proposition was brought before both meetings 
by Prof. Neumayr—that of the publication of a ‘ Nomenclator 
Paleontologicus, to contain a complete list, with full references to 
description, locality, and stratigraphical position, of all fossil species 
of animals and plants described up to the date of publication. The 
plan was approved by the Committee and received most favourably 
by the Congress of Berlin. Unfortunately, financial difficulties have 
hitherto prevented the scheme from being carried out. This is greatly 
to be regretted ; it is difficult to name an undertaking that would 


* From a note by Prof. Renevier, I learn that this term will be replaced in 
the published map by Pleistocene. 
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prove a greater benefit to paleontology, or one that would afford 
greater aid towards carrying out a uniform nomenclature. 

The meeting of the Berlin Congress, which was originally to have 
been held in 1884, was postponed for a year, because it was thought 
by the Committee of Organization that the existence of cholera in 
Southern Europe in the first year might seriously interfere with the 
attendance of geologists. The Congress met at the end of September 
1885, and was well attended, 166 German members and 86 of other 
nationalities being present. The number of inscribed members 
absent or present was 456. 

It was evident from the very beginning that there was a marked 
contrast between the Berlin meeting and that of Bologna. How far 
this was due to a change of scene, and to the fact that the bulk of 
the assembly belonged in one case to the Latin and in the other to 
the Teutonic race, it is difficult to say. These cannot have been the 
sole causes of the differences, for most of the principal actors were 
unchanged, and the questions of nomenclature brought before the 
meeting were susceptible of treatment precisely similar to that 
employed at the Congress of Bologna. There can, however, be no 
doubt that a strong reaction had set in against the attempt to decide 
scientific questions by the vote of a majority ; and in one instance, 
at least, on which opinions were greatly divided, the question as to 
whether the Permian should be regarded as a distinct system or 
united to the Carboniferous, the assembly deliberately abstained 
from voting. This question had already been discussed in the 
Nomenclature Committee at Zurich, and the numbers who voted on 

each side were equal. 

It may here be pointed out that there is a great difference between 
a vote in a body consisting almost entirely of geologists familiar with 
the subject and of varying nationalities, as are those composing the 
Committee of Nomenclature, and a vote in a body of which the large 
majority belongs to one nationality and is composed to a great extent 
of those who have not paid particular attention to the details under 
discussion. 

As a result of the meetings in Berlin, the proposals of the Map 
Committee for the classification of both sedimentary and igneous rocks 
were accepted with a few modifications. Two questions, however, 
were especially left over to the next Congress, which was appointed 
to be held in London last year. These questions were, the arrange- 
ment to be adopted for the Lower Paleozoic system or systems 
beneath the Devonian, and the classification of the Tertiary and (if 
admitted) Quaternary groups as a whole. 
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A considerable proportion of the time devoted to the work of the 
Congress at Berlin was occupied by the reading of papers on various 
geological subjects, several of them not relating to the questions 
before the Congress. Similar papers were sent to Bologna, but were 
not read, though they were inserted in the General Report. 

The Reports from the British subcommittees on geological classifi- 
cation and nomenclature were presented at Berlin as a whole (some 
had been previously distributed), but without the preface sub- 
sequently added in the edition of 1888. These Reports differed 
materially from any that had previously been presented. They were 
far more detailed, and contained a history of each stratigraphical 
subdivision, and much information concerning the distribution and 
relations to each other of the various series, stages, and substages, 
so as to afford an epitome, in detail, of the stratigraphy of the sedi- 
mentary rocks occurring in Great Britain and Ireland. ‘To the 
consideration of these Reports I shall return in the sequel. 

The Committees for nomenclature and for the map of Kurope were 
reappointed, with but trifling alterations, at Berlin ; but the meetings 
between 1885 and 1888 were comparatively unimportant. Five 
members only of the Nomenclature Committee, out of the full 
number (20), met at Geneva in 1886, and eight at Manchester 
in 1887. Some of the conclusions arrived at by the first meeting, 
with regard to the modification of the Bologna decisions, met with 
disapproval at the second—a circumstance mainly due to the difficulty 
of adopting the same terms in all languages. 

Finally, the fourth Congress was held last year in this city, and 
brought together a larger body of geologists than any previous 
meeting. The whole number of members was 830; of these 407 
were present, 256 being from the British Isles and 151 from other 
countries. It must, however, be remembered that for the first time 
ladies were admitted. The number of well-known geologists was 
large ; as an instance, it may be mentioned that 9 of the Society’s 
Foreign Members and 13 Foreign Correspondents attended the 
meeting. | 

A fresh change took place in the method of procedure. At 
Bologna the reports drawn up by the Secretaries of the different 
Committees were discussed paragraph by paragraph, and accepted, 
modified, or rejected after a regular discussion. At Berlin certain 
parts of the Reports were accepted with little or no modification, others 
postponed. In London the Reports were almost ignored, and only 
three subjects were discussed ; two of these were the questions already 
mentioned, relating to the classification of Lower Paleozoic and of 
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Post-Secondary rocks, and the third was a fresh subject of dis- 
cussion—the origin and history of the crystalline schists—brought 
forward by the Organizing Committee and treated in a novel manner, 
by obtaining and printing beforehand dissertations from several 
specialists. On none of the subjects named was there any attempt 
to arrive at a decision: there was simply a discussion. It may be 
added that, whereas in one of the stratigraphical questions—the 
Cambrian and Silurian—there was some approach to a general 
agreement about the principal facts, and in the other a majority of 
the speakers were in favour of a particular view, the subject of the 
crystalline schists was left as chaotic as ever, or as, according to 
some of the disputants, were the conditions of the geological era 
when the schists themselves were formed. So far the discussion has 
scarcely tended towards unification of either nomenclature or views ; 
the Neoneptunists still stand widely apart from the Neoplutonists ; 
nor does there appear to be any prospect of agreement between those 
who pin their faith on gradual chemical or hydrothermic action and 
those who believe in violent movements of the earth’s crust, or 
between those who contend that the ‘ Urgneiss’ could only have 
been deposited in the Archean era and in the depths of the 
primeeval ocean, and those who urge that gneiss absolutely undis- 
tinguishable from its pre-Cambrian type has been formed in all 
geological epochs, and may be forming at the present day under 
favourable circumstances of heat and pressure. 

The discussion on Tertiary classification, too, was almost confined 
to one point—the distinction of the Quaternary as an era apart from 
the Tertiary. The important question as to whether some better 
classification could not be adopted than that into Eocene, Oligocene, 
Miocene, and Pliocene, the limits of the different systems, and the 
desirability of subdivision, at all events in the case of the Eocene, 
were scarcely mentioned. 

Besides the papers on crystalline schists and the second edition, 
with the preface, of the British Sub-Committees’ reports on clas- 
sification and nomenclature, there was presented to the London 
Congress a series of reports by American Sub-Committees on the 
classification of the sedimentary formations of North America. The 
importance of this work is due primarily to the fact that it does not 
refer to the portion of the world that has of necessity been accepted 
as the standard of comparison for the geological scale ; and, secondly, 
to the circumstance that much of the information has been accu- 
mulated very recently, and has not found its way into text-books. 
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A summary of the conclusions, drawn up by Dr. Persifor Frazer and 
translated by Prof. Dewalque, was circulated separately. It is to 
be regretted that a similar réswmé of the reports of the British 
Sub-Committees was not prepared. 


The history of the Congress, it will thus be seen, up to the present 
tine, is the history of an undertaking begun with great, if somewhat 
misdirected, zeal and energy, and gradually descending in its aims, 
till, from attempting to establish a universal geological language, and 
to regulate the coloration, signs, and scale of geological maps in 
general, it has contented itself with supervising the issue of a map 
of Europe in ‘Which both classification and colour are admittedly 
tentative ; whilst, instead of deciding points of primary importance 
by votes, it discusses questions, sometimes of secondary importance, 
without attempting to lay down any law. In passing from Bologna 
to Berlin, and from Berlin to London, there has certainly been 
a tendency on the part of the Congress to abdicate its early preten- 
sions, to collect information, and to cease from issuing edicts. It 
now remains to be seen what will be the effects of the meeting of 
1891 in Philadelphia; whether the Congress will rise again, Anteus- 
like, in its pristine vigour, from contact with its native soil; or 
whether it will resolve itself into the intercalation of a little mild 
academic discussion between much more largely developed schemes 
of social amusement—-a fashion not unknown in other scientific 
meetings, especially when ladies are admitted. 


In considering how far the institution of a triennial Congress has 
hitherto fulfilled the expectations of its founders, it becomes necessary 
to discuss the apparent results hitherto obtained. These are :— 


1. The terms adopted at Bologna ; 

2. The subdivisions and colouring adopted on the geological 
map of Europe ; 

3. The various Reports from different national and international 
Committees, and all other documents published in con- 
nexion with the Congress. 

4, The exhibition of maps and specimens. 


On each of these a few words may be added. 

1. The various terms for strata and time adopted at Bologna have 
been accepted to a considerable extent abroad, but have as yet 
found -but small favour with English geologists. Even in the 
Reports of the British Sub-Committees on classification and nomen- 
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clature there is a complete disregard of all restrictions upon the use of 
terms. 

It is quite true that the number of kinds of subdivisions made in 
both stratigraphy and time by the Bologna Congress was rather 
greater than was necessary, and that the restriction of the two 
words group and series to particular subdivisions in the scale renders 
it very difficult to write upon stratigraphy in English, owing to the 
poverty of the language in geological terms and to the fact that 
these two words have been used for every kind of subdivision indis- 
criminately. The use of group for so large a division as Paleozoic 
and Mesozoic is quite opposed to our habit, as the wogd has hitherto 
been more frequently used in the sense of the French étage than for 
any larger division. The proposal repeatedly made by the French 
and other Committees to transpose the words group and'series, and 
to apply the latter to great divisions like Paleozoic, and the former 
to divisions of the third order, would be an improvement; but it 
would be far preferable to diminish the number of subdivisions, and 
to eliminate both words, group and series, from the restricted list— 
to revert, in fact, to the original proposal of the English Committee 
in this respect. Professor Hughes calls attention to a suggestion of 
Professor Sedgwick’s, to use class for the largest divisions. I had 
made the same suggestion myself, in ignorance of Professor Sedg- 
wick’s employment of the word, when writing on the subject for the 
International Committee meeting in Geneva; and I thinkif English 
geologists would agree to employ the term class, or, as Professor Cope 
has suggested, realin, as the English equivalent of group, and to omit 
series and assise altogether, as unnecessary, we should have three 
words left—class or realm, system, and stage—two of which are 
additions to our very poor list of English terms. I cannot agree 
with Prof. Hughes in objecting to the word stage because it is not 
exactly the equivalent of étage; it appears to me a great advantage 
to have an English word to fit precisely where a term is peculiarly 
wanted. I feel sure that if English geologists will condescend to 
try the term they will find it extremely useful. If intermediate or 
inferior subdivisional names are needed, the terms subclass, sub- 
system, and substage might be employed. 

The distinction drawn at Bologna between stratification- and time- 
words is one of very great importance, and I believe English 
writers would do wisely and would aid in the progress of the science 
by adopting the reformed nomenclature. Until there are clear 
ideas on the subject, and until the distinction of the two categories 
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is rightly appreciated, there is but little hope of any sound classifi- 
cation. 

There is, however, one of the time-words adopted at Bologna that 
must in English be left for unrestricted use, for the simple reason 
that we cannot replace it. This is age. It is impossible to avoid 
writing of strata and fossils as of Paleozoic age, of Jurassic age, &c. ; 
and although this might be done without ceasing to use the term as 
the time equivalent of stage, it would be better to replace the word 
by another, or if the number of subdivisional terms is diminished, 
to omit age altogether. I would suggest to British geologists for 
consideration some such scheme as the following :— 


Stratvfication. Time. Example. 
Class. Era. Paleozoic. 
System. Period. Jurassic. 
Stage. Epoch. Oxford Clay (Oxfordian). 


If this or some corresponding plan were adopted there would be 
no necessity for the adoption of the word terrane proposed by Prof. 
Gilbert to be used for a stratigraphical subdivision of any magni- 
tude, though the language would gain by the employment of such 
a term. 

It must not be forgotten that if, as already noticed, the Bologna 
Congress failed to define the subdivisions that it sanctioned, the 
failure depended very much on the inherent impossibility of the 
task. ‘There is absolutely no scale by which periods or epochs can 
be measured ; all that can be done is to enumerate certain divisions 
of geological time as represented by particular strata and enact 
that such subdivisions shall rank as periods or epochs. As the 
stratigraphical divisions are utterly dissimilar in different countries, 
the determination for one region will afford but little aid in another. 
All that can be done, in short, is, as has been admirably pointed 
out by Professor Gilbert, to adopt an admittedly arbitrary and 
empirical scale of systems for the sedimentary rocks of Western 
Kurope, as being the best known, and to employ this scale for 
comparison in other countries. 

The classification of the geological sequence has, in fact, been 
founded on no recognized system, but has grown up gradually. 
Just as in a newly discovered country, or in a barbarous continent 
in process of annexation by more civilized peoples, a colony has 
been founded here and there, until by irregular growth, depending 
for its progress on various circumstances, the borders of the different 
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territories have come into contact and require to be defined. If good 
natural barriers, such as a mountain-range or a broad river inter- 
vene, these have generally been taken as frontiers; but if not, 
frequently after much dispute, some less defined line has been 
adopted. Substitute for colonies strata and for the physical boun- 
daries of rivers and mountains the equally well-marked limits cor- 
responding to petrological change, often accompanied by uncon- 
formity, and the history of the repartition of the stratigraphical 
sequence into systems and stages corresponds to the subdivision of 
geographical areas into states. The story is a story of haphazard, 
in which scientific induction has played a subordinate part, and the 
idea of rendering the divisions equal has probably never occurred 
to any one. 

There is, however, this difference between countries and strata. 
The mapping out of the former covers the whole area, whilst the 
latter in any and every country can only represent a certain portion, 
probably a very small portion, of geological time. The gaps that 
are unrepresented are an unknown quantity, but are undoubtedly 
in any given area in excess of that portion of the scale that is re- 
presented by strata. Therefore even if the thickness of strata in 
any subdivision were directly proportional to the duration of time 
occupied in the formation of that subdivision—in other words, if the 
thickness of a system varied directly with the duration of the cor- 
responding period, which it most certainly does not, the duration of 
the corresponding division on the time-scale would still be unknown, 
as the time corresponding to the breaks in the sequence is undeter- 
minable. 


2. Under these circumstances, and seeing that anything like an 
equalized scale is hopeless at present, there is a fair reason for 
accepting, as has been done in the map of Europe, those periods 
that are best known. In the Mesozoic era, for instance, in which 
the relations of the periods are simpler than in the Cenozoic or 
Paleozoic, there can be very little question that a division of both 
Cretaceous and Jurassic into two would produce periods much more 
nearly equal to the Trias in paleontological importance (the only 
approach to a time-test that we possess) than are the great 
Cretaceous and Jurassic periods as at present usually adopted. 
This subdivision of the Mesozoic era into five periods, Cretaceous, 
Infra-cretaceous, Oolitic, Liassic, and Triassic, has been adopted by 
several geologists, amongst others by Renevier and by De Lapparent 
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in his ‘Traité de Géologie.’ It would, however, have required a 
much more general agreement than exists amongst European geolo- 
gists to have justified so marked an innovation in the map of 
Europe. The same remark applies to the acceptance of the Per- 
mian as a distinct subdivision, although it is not only inferior in 
importance to the Trias, but is palzontologically an integral part of 
the Carboniferous. To reduce such periods as Cretaceous, Jurassic, 
Silurian, and Cambrian into a form in which they would represent, 
even approximately, divisions of the same duration as Pleistocene, 
Pliocene, and Permian, would involve a complete rearrangement 
of the whole geological succession. Before an attempt is made 
at such a rearrangement it is desirable that a larger area than 
Western Europe should be selected for the field of experiment. 

When, however, we pass from the systems of the map to their 
subdivisions, it is difficult to avoid feeling some degree of doubt as to 
whether a more equable arrangement might not have been adopted, 
even for European rocks. The Trias is divided into three series, 
the far more important Cretaceous system into only two, and the 
Eocene and Cambrian are undivided. It is impossible to avoid 
regretting that the relative local importance of particular sub- 
divisions has led to the raising of a comparatively unimportant stage 
like the Muschelkalk to a rank equal to that of Neocomian and 
Gault combined, or to that of the Lias, together with the Rhetic 
in many localities, or to that of the whole Cambrian. The fact, 
of course, is that in this case deference has been paid to a time- 
honoured classification peculiar to part of Germany and a small area 
in France. ‘This is an illustration of the evil produced by merely 
local classifications and by the misleading name under which the 
Triassic system is known, a name derived from the local subdivision 
of the system into three well-marked stages, two of which are, in the 
main, subaérial, fluviatile, or lacustrine, and the third alone marine, 
The latter, moreover, contained a peculiar local fauna which pro- 
bably inhabited an inland sea, and differed materially from the true 
marine Triassic fauna which has now been traced from the Alps and 
Spitzbergen to Chili and New Zealand. In short the so-called typical 
Trias is altogether an exceptional and abnormal system, and useless 
for purposes of comparison. 

The coloration of the sedimentary rocks in the map of Europe 
has the very common defect that the colours are in large measure 
too dark and too opaque; but it is understood that this will be 
altered to some extent. The system of colours does not give satis- 
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faction in America, nor, so far as is known, elsewhere. It is to be 
regretted that violet was not kept for Silurian, as proposed by 
several of the National Committees, and brick-red for Trias, as — 
advocated by almost all; and no doubt the change in this respect 
has done something to render the system adopted unsatisfactory. 
Violet between grey (Carboniferous) and blue (Jurassic) is open to 
the objection that the paler shades are not sufficiently easy to distin- 
guish, whilst brick-red (impure orange) is distinct in all shades. 

It may, indeed, be doubted whether any scheme of coloration 
could be devised that is free from objection. Much has been said 
of the advantage of a system based upon the solar spectrum, and, 
indeed, in the plan adopted there are some lingering traces of a 
spectral system, blue, green, and yellow succeeding each other in 
the Upper Mesozoic and Cenozoic groups. Prof. Gilbert has sug- 
gested a very ingenious and apparently simple plan of dividing the 
spectrum into hues defined by their wave-lengths or, which comes 
to the same, by their position on the Kirchhoff scale. He is of 
opinion that from fifteen to twenty sufficiently distinct hues can be 
thus selected, and these, with the purples which are not contained 
in the spectrum, would suffice for the different periods. He would 
then allot brown to igneous rocks. 

This plan has, I believe, one fatal objection. If the adjacent 
spectral hues are in contact on the map, even though the full tones or 
shades be distinct, the paler tones will not beso. The only remedy 
would be to alternate colours from different parts of the spectrum, 
and then the orderliness of the plan, its principal recommendation, 
would disappear. 

The fact is that the distinctness of colours adjacent to each other 
is an essential requirement of any efficient system, though but few 
of those who have treated of map-coloration in connexion with 
the Congress have referred to this important point. It must be 
remembered that all hues in contact should remain sufficiently 
distinct after a certain amount of fading from exposure, and that all 
should be easily distinguished by artificial light. 

The classification and coloration of the igneous rocks on the map 
of Europe is very unsatisfactory, and I shall probably have the 
hearty concurrence of English geologists in general in condemning 
the system proposed as impracticable. In the first place, as was 
pointed out by Prof. Renevier some years ago, it is illogical to 
arrange the sedimentary rocks entirely by their geological date, 
irrespective of petrological character, and the igneous rocks entirely 
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by petrological characters irrespective of their date of origin. No 
doubt, in the map of Europe, a petrological distinction is made which 
is supposed to be connected with geological age, when diabase and 
melaphyre are distinguished from basalts, and porphyry from tra- 
chyte and its allies; but the supposed connexion between geolo- 
gical antiquity and mineral characters in the case of these rocks 
is held by the best English petrologists, and on sound evidence, 
to be erroneous. It is difficult to see why the igneous rocks of 
which the period is known cannot be represented by the colour 
of the period to which they belong, but deep and opaque, the 
petrological character, if it is considered essential, being represented 
by the monogram ; whilst some simple convention might be used for 
outbursts of unknown period. Or all igneous rocks might be re- 
presented by one conspicuous colour, the monogram serving to 
distinguish the kind of rock. It is difficult to understand why in a 
map in which no colour-distinction is drawn between limestone and 
sandstone, chalk and slate, rock-salt and coal, clay and iron-ore, 
quartzite and gneiss, except that due to geological age, it is essential 
to distinguish by colour between granite and porphyry, melaphyre 
and basalts, peridotite and serpentine, although several of these 
are so inextricably mixed in places that their outcrops could not 
be disentangled on a map with a scale 100 times larger than 
that of the map of Europe. It is reasonable to suppose that the 
assignment of one colour to the lavas of active or extinct volcanoes, 
another to the ashes and scoria, and a third to “ stratified tufts,” 
was proposed by geologists who had not much personal experience 
of volcanoes of either kind. Really the proposal to map the three 
apart on a scale of 24 miles to the inch sounds like a joke. 

But even accepting the fact that what has been done hitherto 
must be done in the future, and that the geologists of Western 
Europe insist on colouring the igneous rocks on a system radically 
distinct from that employed for sedimentary formations, it is still 
difficult to understand the advantages of so many subdivisions as 
have been adopted in the map of Europe, or to understand how it 
will be possible to colour the numerous outcrops of igneous rocks 
that are intermediate between two of the ill-defined groups estab- 
lished, or composed of two kinds belonging each to a separate 
group. Surely if petrological characters must be the guide in 
coloration, Some simple division, as into basic and acid rocks, would 
suffice. There would be difficulty even in this, as when trachytic 
lavas are interstratified with basaltic, or when a rock occurs con- 
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taining a percentage of silica on the artificial limit between acid 
and basic rocks; but all difficulties of this kind increase in geome- 
trical ratio with the numbers of groups into which an oe is 
made to classify the various rocks. 

Whilst thus criticizing some of the details of the map, it would 
be unfair not to recognize the fact that the Directors have worked 
under considerable difficulties, having, in fact, been obliged to act 
very largely on their own responsibility. In all probability no 
map of Europe would have been produced had not Prof. Beyrich 
and Mr. Hauchecorne undertaken the direction of the work, and all 
geologists owe a debt of gratitude to those gentlemen. Although it 
is not likely that this map will determine the questions of colora- 
tion and nomenclature, it will doubtless contribute largely to their 
being settled. 


3. It is probable that the published accounts of the different 
meetings of the Congress form the most important contribution made 
by it to Geological Science. The Reports from the various National 
Committees are naturally very unequal in importance, but many of 
them are excellent, and all of them suggestive. 

In this connexion it will be, I hope, not impertinent if I call 
attention to the British Sub-Committees’ Reports. In the Preface 
these Reports are held up as a model on which those of other 
countries should be framed and it is claimed that “the greatest 
advance in the work proposed to be done has, so far, been made in 
practical England” A claim of this kind invites criticism, and as 
the writer is the President of the National Committee, and there- 
fore the representative of English geology, his views are doubtless 
those of many British geologists. As already noticed, these Reports 
contain an epitome of the detailed stratigraphy of the British Isles, 
arranged in convenient divisions, the Report on each division being 
written by one or two authors. The history of the various names 
employed for the different subdivisions in which the strata were 
classed is given, and the views of the principal observers as to the 
correlation and classification of the beds in various parts of the 
country are recorded. There is naturally some inequality; slight 
differences are, however, to be expected, and taking the work as a 
whole, there appears to be every reason to believe that the authors 
have carried out very thoroughly that which they undertook, viz. to 
give the history, synonymy, and detailed classification of British 
sedimentary rocks. 
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But the question which has occurred to me, and, [ think, probably 
to some of the foreign geologists who have had occasion to consult 
the 178 pages of details, is this:—In what way does all this work 
contribute to the Unification of Geological Nomenclature? It is 
easy to see that the Reports under consideration will facilitate the 
work of those who have to fit the geology of the British Isles to the 
map of Europe, though even for this purpose some knowledge of 
the correlation between British and continental strata is necessary. 
Undoubtedly, too, the information given in these Reports will be most 
useful to compilers of general works on Geology, whilst to all British 
geologists it will be of advantage to have within reasonable compass 
so general an account of the British stratified rocks. But unless I 
am much mistaken, the object supposed to be in view is the estab- 
lishment of a general classification for the strata of the world, or at 
all events of Europe, and for this the careful and elaborate details 
upon which so much labour has been expended py the reporters 
appear superfluous. As the British strata have been very largely 
taken as types, especially in the Cretaceous, Jurassic, Silurian, and 
Cambrian systems, the history of the names is important; but a 
general table of the beds from top to bottom, arranged according to 
the latest information available, would have been sufficient for 
purposes of comparison with the strata of other countries. If com- 
parison with the systems and stages of distant countries was con- 
templated, far more complete information as to paleontology should 
have been given. In short, I venture, with some diffidence, to 
suggest that the work may produce upon those who, like myself, 
approach the question from a foreign point of view, the impression 
that there is too much of data that are of little or no use except 
to local geologists, and too little of the information that would be 
useful for comparison with the geology of other countries. 

It may be assumed that the principles upon which the work has 
been compiled are those stated in Professor Hughes’s Preface. In 
this he urges the adoption of a natural, as opposed to an artificial 
system, and points out that the characters of greatest value in the 
classification of the sedimentary rocks are obviously those which 
indicate changes of condition affecting sedimentation and life. He 
then proceeds to explain what he means by an artificial system ; 
and here I would venture to suggest that a different view may be 
taken of the matter. 

If Professor Hughes had confined himself to urging that in 
classifying the rocks of any limited region, or even of.a country the 
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sizeof the British Isles, the breaks in stratigraphy, whether petro- 
logical or paleontological, must first receive attention, and that such 
breaks must be accepted as limits of the subdivisions in which the 
strata are arranged,—if, in short, it were urged that a local classifi- 
cation must depend upon different considerations from those deemed 
of primary importance in a general classification, his views would 
necessarily deserve acceptance, since he would only recapitulate 
the facts upon which all local classifications have been based. But, 
if I understand him rightly, this is not the position he takes. He 
contends that paleontological classification, and especially a classi- 
fication by marine or ‘“ pelagic” types of life, is artificial, and that 
the only natural classification is founded upon local breaks in sedi- 
mentation or in life. JI am unable to agree with any of the above 
contentions, and I must say that I shall be very much surprised if 
in these points Prof. Hughes represents the views of British geolo- 
gists in general. Indeed, in some of the Reports that follow his 
preface, for instance in the remarks by Messrs. Jukes-Browne and 
Topley on the Purbeck beds (p. 73), I find precisely the opinions 
put forward with regard to the part played by marine faunas in 
classification that I have hitherto understood to be generally held 
amongst geologists throughout the world. 

There can be no question that all breaks in stratigraphy are 
local, and that such breaks are or may be represented elsewhere 
by beds. Moreover local breaks are very often misleading, because 
the amount of change, and especially of unconformity, is not pro- 
portionate to the lapse of time, but depends on phenomena often 
confined to a limited area, and which may have been of no great 
duration or real importance. Thus the great break and uncon- 
formity between the Coal-measures and Permian in Great Britain 
is shown to be representative of but little lapse of time by the fact 
that no change of any importance took place in the marine fauna, 
the alteration in which between the Carboniferous Limestone that 
preceded the Coal-measures, and the Permian magnesian limestone, 
is actually less than that between Devonian and Carboniferous, 
which are not separated by any important stratigraphical break. 
If any great lapse of time, or any widespread physical changes, 
corresponded to the local break between Carboniferous and Per- 
mian in England, it may reasonably be assumed that a great 
change in marine life would have taken place in the interval. 

The argument to which Professor Hughes naturally refers, that 
identity of marine fossils in distant localities does not prove 
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synchronism, but rather suggests that the strata were not of con- 
temporaneous origin, as time would be needed for migration, is one 
on which perhaps too much stress is laid by English geologists. 
In the course probably of a geological age, certainly of a geological 
period, there must be ample time for the migration of marine 
forms, whether pelagic or littoral, throughout all seas that are in 
connexion. If the marine fauna of the present day be examined, 
it will be found that many marine genera, both of vertebrata and 
invertebrata, are of world-wide range, and that still more are dis- 
tributed in wide belts stretching round the world. This will be 
found to be the case with littoral quite as much as with pelagic 
forms, though there may be more specific variety in the former. 
Still a host of littoral genera, such as, amongst the Mollusca, Litto- 
rina, Putella, Purpura, Nussa, Natica, Chiton, Mytilus, Cardium, 
Solen, Mactra, and Pholas, are found on almost every coast in the 
world. 

Now the identification of the age, or still more of the period, to 
which a fossil fauna should be referred does not necessarily depend 
upon all or any of the species being identical with those in a known 
deposit. Complete identity, when the deposits are far apart, seldom 
or never occurs except amongst pelagic types, the occurrence of a 
few identical or allied species, and a similar association of parti- 
cular genera and subgenera, being the evidence usually adduced 
in favour of contemporaneous origin. ‘Thus the faunas of marine 
deposits in America or Asia compared with those of the same geolo- 
gical age in Europe will be found to exhibit much the same 
resemblance to each other as do the faunas of the present seas 
taken from two equally distant parts of the Earth’s surface. There 
is one possible exception to be borne iu mind. It is probable, 
though not absolutely proved, that the present temperature of the 
Arctic regions is much lower than it has been on an average in past 
times—it is certainly lower than it was in some epochs—and that 
consequently not only the Arctic fauna, but aiso that continuation 
of the Arctic fauna which extends from pole to pole at the bottom of 
the deep sea differs more from the tropical and subtropical faunas 
than has been the case throughout the greater portion of geological 
time. | 

Still, despite this disadvantage, if the living marine fauna of any 
part of the ocean, including Vertebrata, Mollusca, Crustacea, Echi- 
nodermata, Foraminifera, &c., is compared with that of the early 
Tertiaries (Oligocene or Eocene}, a great generic difference will be 
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found, fairly comparable to the distinction between Eocene and 
Cretaceous life. Comparison of the recent forms with Miocene 
types would show a distinct, but less well-marked, difference, and 
if recent and Pliocene faunas were compared, the distinction would 
be still smaller ; but all the newer Tertiaries, commencing with the 
Miocene, form but one period with recent times, if the marine 
faunas are taken as the test; and it may be doubted whether the 
Pliocene could even be separated as a different geological age from 
the Recent. 

So far I have merely ventured to express a different opinion from 
Professor Hughes. But on one point I think he is mistaken, and 
it is very important to call attention to the mistake, because the 
idea expressed may be widely spread amongst geologists. Professor 
Hughes says that ‘‘ we are every day reminded by the work of 
specialists that the result of applying the botanical measure often 
differs considerably from that obtained in the present state of our 
knowledge from a consideration of the included animal remains.... 
This does not destroy our confidence in the value of paleontological 
evidence. We have no doubt that when all the fossil evidence, 
botanical and zoological, has been adduced it will be consistent.” 

Now I think that it will be found that the real contrast in the 
indication of paleontological age is not between botany and zoology, 
but between land or freshwater faunas and floras on the one hand, 
and marine faunas on the other. So far as is known, there is not a 
single well-marked case of the inversion of marine faunas, the only 
instance of any importance ever brought forward, that of Barrande’s 
colonies, in which an Upper Silurian fauna was supposed to occur in 
beds intercalated amongst others with Lower Silurian types, having, 
I believe, been conclusively shown to be founded on a mistake in 
observation. This fact, the absence of all evidence of inversion, is of 
itself a proof that similarity of pelagic forms does signify practical 
synchronism ; because if the similarity implied difference of time due 
to migration, some cases of inversion must occur*. But in land 
faunas and floras cases of inversion and of the association of types 
characteristic of different epochs and even periods in the same beds 


* This may be shown thus: let there be two areas, one inhabited by a fauna 
A, the other by another fauna B. Now let A migrate into the area occupied 
by B, and vice versd. We should then find in the one area B fauna in the 
upper bed, A in the lower; in the other area A in the upper, B in the lower. 
Of course the relations would in all probability be more complicated, but the 
results would be the same. 
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are numerous. Thus we find the Miocene mammals of the Pikermi 
beds resting upon Pliocene marine strata in Greece; a Middle 
Jurassic flora in beds interstratified with others containing a Carboni- 
ferous marine fauna in New South Wales; similar strata with Middle 
Jurassic plants in India overlain by beds with Triassic, and by others 
with Rhetic plants, and these, again, succeeded by others with Triassic 
reptiles; Middle Jurassic plants intercalated between Neocomian and 
Tithonian beds in Cutch, and Tertiary plants associated in the same 
strata with Cretaceous Dinosaurs in the Laramie beds of North 
America. Such cases are explained by the circumstance that the 
distribution of the land fauna and flora at the present day is very 
much less uniform than that of the sea; that a terrestrial zoological 
genus of anything like world-wide distribution scarcely exists ; and 
that even under the same parallels of latitude, amongst the terrestrial 
genera in America, Africa, and Australia, for instance, only a small 
percentage ure the same, whilst many of the families and some of the 
orders are peculiar, all testifying to isolation from great antiquity. 

There is, moreover, evidence that the recent fauna is sometimes 
descended from that which inhabited the tract in Tertiary times, 
sometimes from an immigrant fauna. Thus, as has been pointed 
out by Prof. Huxiey, by Mr. Wallace, and others, the Mammalian 
fauna of Central and Southern Africa at the present day is descended 
from the Miocene (and Pliocene) life of Europe. If a bed were 
found in Southern Africa containing bones of giraffes and certain 
antelopes, naturalists only acquainted with European fossil faunas 
would class it as Miocene (or Pliocene), although it might rest upon 
strata with Pleistocene marine fossils. 

Again, the recent Mammalian fauna of Australia and New Guinea 
is Mesozoic rather than Tertiary in its affinities. Nevertheless it is by 
no means improbable that the gigantic migrations produced by the 
cold of the Pleistocene epoch have rendered the Earth’s terrestrial 
fauna and flora more uniform than was the case in past times; and it 
may be doubted if anywhere in the world at present there 1s so won- 
derful a contrast as that between the Carboniferous flora of Australia 
and the contemporaneous vegetation of Kurope and North America. 

It may be possible, when far more is known than is the case at 
present, to make out the history of the terrestrial faunas and floras 
of different subdivisions of the Earth’s surface. But when the 
history is known, it is safe to predict, from the little already ascer- 
tained, that the tale of the land will not coincide with that of the 
sea, nor will the story of one terrestrial region be the same as that 


14 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


of another. So far as our present information goes, we must, I 
believe, in mapping out geological periods and epochs, rely upon 
what Professor Huxley has called “ sea-reckoning ” alone. 


4, There is one other feature of each Congress that has hitherto 
produced a sensibly beneficial effect; this is the exhibition of maps 
and specimens. ‘This was one of the objects for which the Congress 
was originally constituted, and one the usefulness of which is un- 
questionable. At every meeting many geological maps from various 
countries have been exhibited, and have afforded an opportunity 
for the comparison of different systems of coloration, signs, &c. 
Many specimens of general scientific interest, too, have been brought 
to the notice of those present at the Congress; for instance, the 
Trilobites and Corals in crystalline schist from Norway, exhibited 
by Prof. Reusch in Berlin, the Belemnites in metamorphic rock from 
the Alps, shown by Prof. Heim, and the striated fragments (apparently 
showing glacial markings) from Carboniferous beds in the Punjab, 
exhibited by Mr. Oldham in London. 

Comparing the performance of the Congress with the objects of 
its founders, it may briefly be said that the Congress has succeeded, 
to a certain extent, in getting together comparative collections, 
maps, and sections, but that it has not settled many obscure points 
relating to geological classification and nomenclature. 


There remains one other subject to consider, the probable effect 
of the Congress upon the progress of Geological Science. This, 
I believe, has already been much greater than is commonly 
supposed, but in a direction quite apart from that leading to 
the geological millennium which was anticipated when we should 
have achieved a uniform geological nomenclature and system of 
representation by maps. The principal result so far has been the 
bringing tegether many geologists from different countries, and 
affording them an opportunity of becoming personally known to 
each other. The effect upon the diffusion of geological research, 
and the consequent reaction of one obseryer’s discoveries upon 
another who is inquiring into a cognate subject in a distant country, 
is very great, and is likely to increase. By this means a much 
greater step will be made towards unification of nomenclature and 
maps than would result from the appeal to a majority at a 
Congress. 

Another advantage is the bringing together and publishing the 
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views of different men who have paid attention to particular points 
connected with the progress of the science. When the views differ 
so widely as in the case of the crystalline schists, but small progress 
towards unanimity can be expected; whereas in another matter 
discussed at the London Congress, the division of the Lower Paleo- 
zoic rocks, there was a general agreement as to the partition into 
three of the Cambrian and Silurian complex, and this really settles 
the question ; for it is evident that on paleontological grounds the 
lowest division or Cambrian must be classed apart from the other 
two. There can be no doubt, too, that the wide dissemination of 
the discussion on a geological question has a good effect, as even if 
it leads to no results, it produces thought and study in fresh 
directions. 

I have already expressed my grave doubt as to whether a vote in 
any Congress can be accepted as the opinion of a qualified majority, 
and I am inclined to believe that many, perhaps all, of the questions 
proposed for solution are beyond the scientific range of a considerable 
proportion of the members. The first objection to the method otf 
voting was that the natives of the country in which the Congress was 
held outnumbered all others present, and thus, that foreigners, 
many of whom were representative men, and some of whom were 
especially sent to represent scientific bodies in their own countries, 
were hopelessly outvoted. An arrangement adopted at the London 
Congress will obviate this difficulty in part, it having been decided 
that whenever a vote is taken the members belonging to the country 
where the Congress is held and the foreigners shall vote separately, 
snd unless there is a majority in each class of members the vote 
shall be null and void. With this improvement a vote may occasion- 
ally be taken, but its value, unless the agreement is almost 
unanimous, will be small, unless the personal composition of the 
minority is known. 

Membership of the Congress in Bologna was limited to authors of 
memoirs on geology, palzontology, or mining, university professors, 
teachers of natural history in public schools and technical insti- 
tutes, doctors of natural science and mining engineers; but still 
the opinions of theological, classical, mathematical, or chemical pro- 
fessors on gcological nomenclature, or of mining engineers on the 
colours to be used in geological maps, could scarcely be considered 
as authoritative. Where, as in London, the qualification for 
membership began and ended with the payment of ten shillings, the 
idea of deciding scientific questions by a majority would have been 
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absurd. As in the case of the British Association, the methods of 
which are being largely followed by the Geological Congress, the 
latter must, if voting becomes necessary, select an inner body or 
committee, and even in a body of experts it must be borne in mind 
that no one is eqnally informed in all branches. The opinion of a 
geologist who has devoted his life to Paleozoic strata would not be 
of much value if it were sought to draw a line between Eocene and 
Miocene, and he would be even less competent to decide on questions 
of petrological nomenclature, whilst a petrologist with a world-wide 
reputation may never in his life have had to colour a geological map 
or have thought over the principles involved. 

One good effect the Congress has had already. It has set itself 
steadily against the adoption and even the discussion of sundry 
visionary and impracticable suggestions, and the number of these 
has steadily decreased. An admirable example has been set in the 
case of what are termed by many geologists homophonic termina- 
tions. It was proposed that all names of systems should end in -ic, 
series in -ian, &c. The proposal found no favour with Teutonic- 
speaking peoples, and was therefore unsuited for a Congress in 
which various languages were represented; but it happened to bea 
favourite project with some of the members of the Nomenclature 
Committee, and it has consequently been brought forward promi- 
nently in the Report presented to three Congresses in succession. 
It is not, I think, iikely to reappear. 


The length to which the preceding remarks on the Geological 
Congress and its labours have extended has left me no time to 
dilate on the other geological events of the past year. ‘There are 
but few to which it is necessary to refer. The publication of the 
first part of the ‘ Geological Record’ for the years 1880-1884 should 
not, however, be passed over without notice. A second volume has 
yet to appear, To have even an instalment is unquestionably 
a gain, and geologists are under many obligations to Mr. Topley and 
Mr. Sherborn for haying rescued the work from complete col- 
lapse; but still it is a matter for serious regret that the annual 
volumes should have been interrupted. 

It is as unnecessary to prove the importance to all working 
geologists of having a Geological Revord as it is to argue that the 
best language for the purpose is English. But the labour involved 
in preparing and editing a work of the kind is excessive, and the 
difficulty of establishing a permanent publication very great indeed. 


ANNIVERSARY ADDRESS OF THE PRESIDENT. 77 


The much older ‘ Zoological Record’ has only been saved from 
coming to an end through the intervention of the Zoological Society ; 
and if the funds of this Society would allow, there are few purposes 
to which they could be applied better than to the maintenance of a 
Record of Geological Literature. 

The unfortunate failure for the moment of Prof. Neumayr’s 
admirable proposition to prepare and publish a new ‘ Nomenclator 
Paleeontologicus,’ and the tardy appearance of the ‘ Geological Record’ 
in a curtailed form, are unwelcome announcements. It is satis- 
factory, therefore, to have a more promising event to chronicle. 
The appearance of the first volume of Mr. Ktheridge’s long pro- 
mised ‘ Fossils of the British Islands’ during the past year affords 
an important contribution to works of the class to which the two 
above named belong. If Mr. Etheridge’s work is as exhaustive as, 
from the time and labour spent upon it, we are entitled to hope 
that it will prove, it will be a most valuable aid to paleontologists, 
and will facilitate the preparation of that general list of all 
described fossils which is at present one of the greatest desiderata 
in geological science. 
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February 20, 1889. 
W. T. Branrorp, LL.D., F.R.S., President, in the Chair. 


Upfield Green, Esq., Liebenheim, Watford, Hertfordshire ; Win- 
tour Frederick Gwinnell, Esq., Argyle Villas, White Hill, Gravesend ; 
John Charles Mackay, Esq., Assoc. M. Inst. C.E., Stow Park, 
Newport, Monmouthshire; and George Synge, Esq., 3 Harrington 
Mansions, Queen’s Gate, 8.W., were elected Fellows of the Society. 


The List of Donations to the Library was read. 


Visitors having withdrawn, the President, in accordance with 
Section XI. Art. 8 of the Bye-Laws, read, for the second time, the 
notices of motion relating to the proposed alterations in the Bye- 
Laws, signed by Mr. T. V. Hoimes and twelve other Fellows, and 
by Dr. G. J. Hinde and nine other Fellows; and also, for the 
first time, some proposed emendations to the motion of the Council 
drafted by the Council and signed by the Chairman, a notice signed 
by Mr. J. Hopkinson and five other Fellows of the Society, and one 
signed by Mr. R. Lydekker and sixteen other Fellows of the Society. 


The President further announced that a Special General Meeting, 
for the consideration of the Bye-Laws, would be called for Friday, 
Mareh 15, 1889, at 4.30 p.m. 


The following communications were read :— 


1. “On the Cotteswold, Midford, and Yeovil Sands, and the 
division between Lias and Oolite.” By 8S. 8S. Buckman, Esq., 
F.G.8. 


2. “On some Nodular Felstones of the Lleyn Peninsula.” By 
Miss Catherine A. Raisin, B.Sc. (Communicated by Prof. T. G. 
Bonney, D.Sc., LL.D., F.B.S., F.G.S8.) 


3. “On the Action of Pure Water, and of Water saturated with 
Carbonic-acid Gas, on the Minerals of the Mica Family.” By 
Alexander Johnstone, Esq., F.G.S. 


The following specimens were exhibited :— 


Specimens from South Caernarvon, with microscopic sections, 
exhibited by Miss C. A. Raisin, B.Sc., in illustration of her paper on 
Nodular Felstones. 

Specimens of Pyromerides and other allied rocks, from Boulay Bay, 
Jersey, exhibited by Prof. T. G. Bonney, D.Sc., F.R.S., F.G.S. 

Photograph of a group of Members of the International Geological 
Congress taken during the visit to North Wales, September 1888, 
exhibited by Dr. H. Hicks, F.R.S., F.G.S. 
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March 6, 1889. 
W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 


David Yewdall Cliff, Esq., Nesbit Hall, Fulneck, near Leeds ; 
Edward Aurelian Ridsdale, Hsq., Assoc. Roy. School of Mines, Rot- 
tingdean, Sussex, and 3 Montague Street, W.C. ; and Bernard Henry 
Woodward, Esq., 80 Petherton Road, Highbury New Park, N., were 
elected Fellows of the Society. 


The List of Donations to the Library was read. 


A photograph of a group of Members of the International Geo- 
logical Congress taken during the visit to North Wales, September 
1888, was presented by Dr. H. Hicks, F.R.S., F.G.S. 


The President, in accordance with Section XI. Art. 8 of the 
Bye-Laws, read, for the second time, in relation to the proposed 
alterations in the Bye-Laws, some proposed emendations to the 
motion of the Council drafted by the Council and signed by the 
Chairman, a notice signed by Mr. J. Hopkinson and five other 
Fellows of the Society, and one signed by Mr. R. Lydekker and 
sixteen other Fellows of the Society. 


The following communications were read :— 


1. “On the Subdivisions of the Speeton Clay.” By G. W. Lamp- 
lugh, Esq. (Communicated by Clement Reid, Hsq., F.G.S.) 


2. “ Notes on the Geology of Madagascar.” By the Rev. R. 
Baron. (Communicated by the Director-General of the Geological 
Survey.) With an Appendix on some fossils from Madagascar, by 
R. Bullen Newton, Esq., F.G.8. 


3. ‘* Notes on the Petrographical Characters of some Rocks col- 
lected in Madagascar by the Rev. R. Baron.” By F. H. Hatch, 
Ph.D., F.G.S. 


The following specimens were exhibited :— 


Specimens exhibited by G. W. Lamplugh, Hsq., the Rev. R. Baron, 
Dr. F. H. Hatch, F.G.S., and R. B. Newton, Hsq., F.G.S., in illus- 
tration of their communications. 

Lithophysze in Obsidian from the Yellowstone Park, and Litho- 
physz of Bala age from Conway, N. Wales, exhibited by G. A. J. 
Cole, Esq., F.G.S. 


March 20, 1889. 
W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 


Peregrine O. Wilson, Esq., Barberton, Transvaal, South Africa, 
was elected a Fellow of the Society. 


The List of Donations to the Library was read. 
VOL. XLV. a 
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The following communications were read :— 


1. “ Supplementary Note to a paper on the Rocks of the Atlantie 
Coast of Canada.” By Sir J. W. Dawson, K.C.M.G., F.R.S., F.GS. 


In my paper in the ‘Geological Journal’ for November, 1888, I 
have referred (p. 805) to the Olenellus-fauna as characterizing the 
Middle Cambrian. This fauna should, I have now no doubt, from 
the recently published observations of Walcott and Matthew, be 
regarded as characteristic of the Upper Member of the Lower Cam- 
brian, that is, below the horizon of Paradoxides. From this arises 
a new view of the physical geography of the period, namely, that 
the Lower Cambrian was, in America, a period of continental 
depression, and the Middle Cambrian a period of continental eleva- 
tion. This leads to the important conclusion that a time of elevation 
intervened between the Huronian and the early Cambrian, and which 
may represent the apparent gap between these systems in Eastern 
America. This new view is so important that I think it deserves a 
special mention in connexion with the probability that the Huronian 
and Kewenian beds are of littoral origin. 


Discussion. 


Dr. Hiyve observed that a paper published by Prof. Brogger in 
1886*, on the age of the Olenellus-zone in North America, had appa- 
rently escaped the notice of Sir J. W. Dawson. In it this author 
pointed out that in Scandinavia, where the succession was unmis- — 
takably clear, the Olenellus-zone was at the base of the Cambrian, 
and was succeeded above by the Paradoxides-zone, and that the 
same order of succession would in all probability be likewise found 
in North America. This prediction had been verified by Mr. Walcott 
this last summer, and the views hitherto maintained by the Ame- 
rican geologists as to the earlier age of the Parados«xides-beds are 
now given up. 

Dr. Hicks confirmed the above remarks. Hitherto, in the St. 
David’s district, no definite Olenellus-fauna had been discovered, but 
he believed that the horizon was indicated by the Lingulella-primeva 
zone, which occurs near the base of the Cambrian and several 
hundred feet below the lowest Paradoxides-beds. In Shropshire, 
on the other hand, the Olenellus-fauna had been found, but not 
that associated with Paradoaides. 

Mr. Marr felt sure that the Olenellus-question would attain to 
importance before long. Prof. Brégger had determined the true 
position of the beds with certainty. He believed that the Georgia 
group contained beds of newer age interfolded with the Olenellus- 
beds. 

2. ‘The Occurrence of Colloid Silica in the Lower Chalk of 
Berkshire and Wiltshire.” By W. Hill, Esq., F.G.S., and A. J. 
Jukes-Browne, Esq., F.G.S. 

3. “ Note on the pelvis of Ornithopsis.” By Prof. H. G. Seeley, 
BRS. Aas: 

* Geol. For. i Steckh. Forhandl. Bd. viii. p. 182. 
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Microscopic sections and specimens were exhibited by A. J. Jukes- 
Browne, Esq., F.G.S., and W. Hill, Esq., F.G.S., in illustration of 
their paper. 


April 3, 1889. 
W. T. Branrorp, LL.D., F.R.S., President, in the Chair. 


Enoch Kidson, Esq., 69 Gregory Boulevard, Nottingham ; and 
Prof. Edward Wadsworth, aNdiilas weltial D).- Wimecton of the Michigan 
Mining School, Houghton, Michoan WUE, S.A, were elected Gallows - 
Prof. F. Fouqué, of “Ennis, and Prof. K. A. von Zittel, of Munich, 
Foreign Members; and M. Michel-Lévy, of Paris, and Prof. G. K. 
Gilbert, of Washington, D.C., U.S.A., Foreign Correspondents of 
the Society. 


The List of Donations to the Library was read. 


The Secretary announced that the following works, ordered by 
the Council to be purchased, were on the table :—The Life and Letters 
of Charles Darwin, 3 vols. ; aud Borneo, by T. Posewitz. 


The Presipent announced that, according to a circular lately 
received, the “‘ Société Géologique de France” proposed to hold its 
extraordinary Meeting this year in Paris, the date being fixed for 
the 18th August next. 


The following communications were read :— 


1. “The Elvans and Volcanic Rocks of Dartmoor.” By R. N. 
Worth, Esq., F.G.S. 


2. “The Basals of Eugeniacrinide.” By F. A. Bather, Esq., 
B.A., F.G.S. 


3. ‘‘On some Bryozoa from the Inferior Oolite of Shipton Gorge, 
Dorset.” By E. A. Walford, Esq., F.G.S. 


The following specimens were exhibited :— 


Specimens of Hugeniacrinus caryophyllatus lent by Prof. K. A. 
von Zittel, F.M.G.S., and exhibited by F. A. Bather, Esq., F.G.S., 
in illustration of his paper. 

30 slides of Bryozoa from the Inferior Oolite of Dorset, exhibited 
by E. A. Walford, Esq., F.G.S., in illustration of his paper. 


A Special General Meeting was held at 7.30 p.m., before the 
Ordinary General Meeting, for the purpose of voting upon certain 
proposed alterations in the Bye-Laws, adjourned from a Special 
General Meeting on March 15th. In a final ballot the Bye-Laws 
as amended by the Council were formally adopted. 
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April 17, 1889. 
W. T. Branrorp, LL.D., F.R.S., President, in the Chair. 
The Rey. R. Baron, F.L.S., The Mission House, Blomfield Street, 


E.C., and Antananarivo, Madagascar; Joao Francisco Braga, Esq., 
F.C.S., Alexandra House, Shepherd’s Bush Road, West Kensington 
Park, W.; Charles A. V. Butler, Esq., Johannesburg, Transvaal, 
South Africa; Theodore Thomas Groom, Esq., B.Sc. Lond., St. 
John’s College, Cambridge; Prof. John Burchmore Harrison, M.A., 
F.C.8., Government Laboratory, Bridgetown, Barbadoes; and William 
Lewis Meredith, Esq., 7 Midland Road, Gloucester, were elected 
Fellows of the Society. 


The List of Donations to the Library was read. 


The PrestpEnt, in accordance with Section XI. Art. 8 of the Bye- 
Laws, read for the first time some proposed verbal alterations in 
the Bye-Laws as amended, signed by the Chairman of the Council. 


The following communications were read :—— 


1. **On the Production of Secondary Minerals at Shear-zones in 
the Crystalline Rocks of the Malvern Hills.” By Charles Callaway, 
Esq., M.A., D.Se., F.G.S. 


2. “The Northern Slopes of Cader Idris.” By Grenville A. J. 
Cole, Esq., F.G.S., and A. V. Jennings, Esq., F.L.S. 


The following specimens were exhibited :— 


Rock-specimens and microscopic sections exhibited by Charles 
Callaway, D.Sc., F.G.8., in illustration of his paper. 

Rock-specimens, microscopic sections, and photographs exhibited 
by Messrs. Grenville A. J. Cole, F.G.S., and A. V. Jennings, F.LS., 
in illustration of their paper. 

Specimens of Gastornis Klaasseni, recently found in the Woolwich 
Beds, near Croydon, by H. M. Klaassen, Esq., ¥.G.S., exhibited by 
E. T. Newton, Esq., F.G.S. 


May 8, 1889. 
W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 
The List of Donations to the Library was read. 


The PresrpEnt, in accordance with Section XI. Art. 8 of the Bye- 
Laws, read for the second time some proposed verbal alterations in 
the Bye-Laws as amended, signed by the Chairman of the Council. 


The following communications were read :— 


1. “The Rocks of Alderney and the Casquets.” By the Rev. 
Edwin Hill, M.A., F.G.S. 


—) 
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2. “On the Ashprington Volcanic Series of South Devon.” By 
the late Arthur Champernowne, Esq., M.A., F.G.S. (Communicated 
by Dr. A. Geikie, F.R.S., F.G.S.) 


The following specimens were exhibited :— 


Specimens and microscopic sections of Alderney Rocks, exhibited 
by the Rev. Edwin Hill, F.G.S., in illustration of his paper. 

Specimens illustrating the paper by the late A. Champernowne, 
Ksq., F.G.8., exhibited by Dr. A. Geikie, F.R.S., F.G.S. 


May 22, 1889. 
W. T. Buanrorp, LL.D., F.R.S., President, in the Chair. 


James Berry, Esq., M.B., B.Sc. Lond., F.R.C.8., 60 Welbeck 
Street, Cavendish Square, W.; Arthur Richard Browne, Esq., care 
of Lord Richard Browne, Reigate ; and William Fraser Hume, Esq., 
Assoc. Normal School of Science, 27 Ella Road, Crouch Hill, N., 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The names of certain Fellows were read out for the first time in 
conformity with the Bye-Laws, Section VI. Art. 5, in consequence 
of the non-payment of their arrears of contributions. 


The following communications were read :— 


1. “ Notes on the Hornblende Schists and Banded Crystalline 
Rocks of the Lizard.” By Major-Gen. C. A. M*Mahon, F.G.S. 


2. “The Upper Jurassic Clays of Lincolnshire.” By Thomas 
Roberts, Esq., M.A., F.G.S. 


3. “ Origin of Movements in the Earth’s Crust.” By James R. 
Kilroe, Esq. (Communicated by A. B. Wynne, Esq., F.G.8.) 


[ Abstract. | 


The Author is convinced that a very important factor has been 
omitted from the usual explanation offered in accounting for the 
vast movements which have obtained in the Earth’s crust. His 
acknowledgments are due to Mr. Fisher for the extensive use made 
of his valuable work. He also refers frequently to the views and 
publications of other writers on terrestrial physics. From a some- 
what conflicting mass of figures he concludes that about 20 miles 
would remain to represent the amount of radial contraction due to 
cooling during the period from Archzean to Recent times, corre- 
sponding to a circumferential contraction of 120 miles. This will 
have to be distributed over widely separate periods, at each of which 
there is abundant evidence of lateral compression. 

But he considers that this shrinkage alone will not account for all 
the plication or distortion of strata which constitute so important a 
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factor in mountain-making, and he is disposed to supplement it in 
the way to which allusion has already been made by Mr. Wynne in 
a recent Presidential Address, viz. by considering the effects of the 
attenuation of strata under superincumbent pressure from deposition 
in subsiding areas, which involves the thickening, puckering, re- 
duplication, and piling up of strata in regions where pressure has 
been lessened. It should be noted that, until disturbance of “ cos- 
mical equilibrium” takes place, mere pressure does not produce 
metamorphism. The extent of these lateral movements is described, 
and it is asserted that the theories hitherto adopted to account for 
plication, &c. are inadequate. 

The origin of the horizontal movements is further discussed on 
the hypothesis that solids can flow after the manner of liquids, 
when they are subjected to sufficient pressure. He considers that 
the displacement in N.W. Scotland may have been initiated by the 
force due to contraction, and accumulating in the crust throughout 
the periods marked by the deposition of Torridon Sandstone and 
Silurian strata, the elements of movement finding an exit at the 
ancient Silurian surface. In this case the pile of Silurian strata 
formerly covering the region now occupied by the North Sea and 
part of the Atlantic forced the lowest strata to move laterally, the 
protuberances of the underlying pre-Silurian rocks being also 
involved in the shearing process. Similar results in other mountain 
areas. The strata compressed have been greatly attenuated and 
extended in proportion ; in this way we may account for the piling 
up of strata by contortion in certain regions. The connexion of 
this interpretation with Mallet’s theory of volcanoes is also indicated, 
and the Author concludes by applying these views to other branches 
of terrestrial physics. 


Discussion. 


The PresipEnt observed that Mr. Wynne, in his recent address, 
had acknowledged his indebtedness to Mr. Kilroe. He himself re- 
garded the subject as well worthy of consideration, for he had long 
felt convinced that the theory of contraction alone was insufficient 
to account for all the phenomena of movement in the earth’s crust. 


The following specimens were exhibited :— 


Rocks and microscopic sections, exhibited by Major-Gen. C. A. 
McMahon, F.G.S., in illustration of his paper. 

Specimens of Jurassic fossils exhibited by Thomas Roberts, Esq., 
F.G.S8., in illustration of his paper. 

Specimens of Hornblende Schist and Gneiss from Sark, exhibited 
by Prof. T. G. Bonney, F.R.S., F.G.8. 

Specimens illustrating the effect of deforming heterogeneous 
masses of Clay, exhibited by J. J. H. Teall, Hsq., F.G.S. 

Specimen of Banded Serpentine from the Lizard, exhibited by 
Sir Warington W. Smyth, F.R.S., F.G.8.  ~ 

Specimens and photographs of Fossil Siliceous Sponges from the 
Quebec Group (Ordovician) of Little Métis, Lower St. Lawrence, 
exhibited by Dr. George J. Hinde, F.G.S., on behalf of Sir J. W. 
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Dawson, F.R.S., F.G.S. Dr. Hinde stated that these sponges in 
many instances retained their outlines and their spicular structure, 
now pyritized, in beautiful preservation. ‘They belong to Proto- 
spongia and other allied genera of Lyssacine Hexactinellids, and 
like their existing descendants possess tufts of long anchoring 
spicules. They occur in great abundance at Métis in black shales, 
some beds being filled with their spicular remains. 


A Special General Meeting was held at 7.45 p.m., before the 
Ordinary General Meeting, for the purpose of voting upon certain 
proposed verbal alterations in the amended Bye-Laws. The sug- 
gested alterations were Balloted for and carried. 


June 5, 1889. 
Prof. J. W. Jupp, F.R.S., Vice-President, in the Chair. 


Major Edwin Parkyn, J.P.,40 Lemon Street, Truro, Cornwall, 
was elected a Fellow of the Society. 


The List of Donations to the Library was read. 


The following names of Fellows were read out for the second 
time in conformity with the Bye-Laws, Section VI. Art. 5, in con- 
sequence of the non-payment of their arrears of contributions :—E. 
Brunt, Esq., H. S. Holme, Esq., G. T. Parnell, Esq. 


The CuarrmMan announced that it is proposed by the Geologists’ 
Association to organize a Geological Excursion to the Volcanic 
Regions of Italy—Naples, Rome, Sicily, and the Lipari Islands, or 
to some of these places if not to all of them—during the month of 
October next. 


The following communications were read :— 


1. “ Observations on some undescribed Lacustrine Deposits at 
Saint Cross, South Elmham, in Suffolk.” By Charles Candler, Esq. 
(Communicated by Clement Reid, Esq., F.G.S.) 


2. “On certain Chelonian Remains from the Wealden and Pur- 
beck.” By R. Lydekker, Esgq., B.A., F.G.S. 


3. ‘On the Relation of the Westleton Beds or Pebbly Sands of 
Suffolk to those of Norfolk, and on their Extension inland; with 
some Observations on the Period of the final Elevation and Denu- 
dation of the Weald and of the Thames Valley.” By Prof. Joseph 
Prestwich, M.A., D.C.L., F.R.S.—Part I. 


Specimens of fossil seeds and Mollusca were exhibited by Clement 
Reid, Esq., F.G.S., in illustration of the paper by Charles Candler, 
Esq. 
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June 19, 1889. 
Prof. J. W. Jupp, F.R.S., Vice-President, in the Chair. | 


Lieut.-Colone] Birkett, Natal Royal Rifles, Natal ; Joseph Edmund 
Carne, Esq., Geological Museum, Department of Mines, Sydney, 
N.S.W.; John Sydney Crawford, Esq., care of W. R. Kerr, Esq., 
8 Nevill Terrace, Onslow Gardens, §8.W., and James Thomas Day, 
Esq., 12 Albert Square, Stepney, E., were elected Fellows, and 
Prof, A. Stoppani, Florence, and M. R. D. M. Verbeek, Java, Foreign 
Correspondents of the Society. 


The List of Donations to the Library was read. 


The Secretary announced that 14 specimens from the De Kaap 
Gold Fields, South African Republic, had been presented by R. H. 
Scaddan, Esq., of Johannesburg. 


The following communications were read :-— 


1. “On Tachylyte from Victoria Park, Whiteinch, neer Glasgow.” 
By Frank Rutley, Esq., F.G.S. 


2. **The Descent of Sonninia and Hammatoceras.” By §. S. 
Buckman, Esq., F.G.S. 


3. “ Notes on the Bagshot Beds and their Stratigraphy.” By H. 
G. Lyons, Esq., R.E., F.G.S. 


4, “Description of some new Species of Carboniferous Gastero- 
poda.” By Miss Jane Donald. (Communicated by J. G. Goodchild, 
Esq., F.G.8.) 


5. “ Cystechinus crassus, a new Species from the Radiolarian 
Marls of Barbadoes ; and the evidence it affords as to the Age and 
Origin of those Deposits” By J. W. Gregory, Esq., F.G.S8. 


The following specimens were exhibited :— 


Specimens exhibited by Frank Rutley, Esq., F.G.S., in illustra- 
tion of his paper. 

Specimens of Sonninia and Hammatoceras, exhibited by S. S$. 
Buckman, Esq., in illustration of his paper. 

Microscopic section of the Radiolarian-Marl matrix of Cystechinus 
erassus from Barbadoes, exhibited by J. W. Gregory, Esq., F.G.S., 
in illustration of his paper. 

A Collotype view of Fossil Trees, Victoria Park, Whiteinch, 
Glasgow, exhibited by 8. H. Needham, Esq., F.G.8. 


ADDITIONS 


TO THE 


LIBRARY AND MUSEUM OF THE GEOLOGICAL SOCIETY. 


Session 1888-89. 


I. ADDITIONS TO THE LIBRARY. 


1. PERIoDICALS AND PUBLICATIONS OF LEARNED SOCIETIES. 


Presented by the respective Societies and Editors, vf not otherwise 
stated. 


Academy. Nos. 842-869. 1888. 
ae Nos. o/0-093. 1889. 


Adelaide. Royal Society of South Australia. Transactions and 
Proceedings and Report. Vol. x. (For 1886-87.) 1888. 

W. Howchin. Remarks on a Geological Section at the New Gravine 

Dock, Glanville, with special reference to a supposed Old Land Surface 

now below Sea-level, 31.—W. L. Cleland. Caroona Hill (Lake Gilles), 

74.—H. Y. L. Brown. Notes on the Geological Features of the Teetulpa 

Goldfields, 52.—R. Tate. The Gastropods of the Older Tertiary of Aus- 


imal Part 1.9L. 
Analyst. Vol. xiii. Nos. 147-152. 1888. 


——. Vol. xiv. Nos. 153-158. 1889. 


Annals and Magazine of Natural History. Ser. 6. Vol. ii. Nos. 
7-12. 1888. Purchased. 

R. Kidston. On the Fructification of two Coal-measure Ferns, 22.— 
H. J. Carter. On the Organic and Inorganic Changes of Parkeria, to- 
gether with further observations on the Nature of the Opaque Scarlet 
Spherules in Foraminifera, 45.—R. Kidston. On a new Species of Cala- 
mites from the Middle Coal-measures (Fucalamites ( Calamites) britanni- 
cus, Weiss, MS.), 129.—A. Smith Woodward. Notes on some Verte- 
brate Fossils from the Province of Bahia, Brazil, collected by Joseph 
Mawson, Esq., 132.—A. Smith Woodward. On the Fossil Fish-spines 
named Celorhynchus, Agassiz, 223.—T. Rupert Jones. Notes on the 
Paleeozvic Bivalved Entomostraca, No. XX VI. On some new Devonian 
Ostracoda, with a Note on their Geological Position by the Rev. G. F. 
Whidborne, 295.—J. Thomson, Ona new Species of Diphyphyllum, and 
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on a remarkable Form of the Genus Lithostrotion, 317.—P. Martin Dun- 
can and W. Percy Sladen. Objections to the Genera Pseudopygaulus, 
Coquand, Trachyaster, Pomel, and Ditremaster, Munier-Chalmas: their 
Species restored to Evlampas, Dunc. and Sladen, and Hemiaster, Desor, 
327.—A. Smith Woodward. Onsome Remains of the ExtincetSelachian 
Asteracanthus from the Oxford Clay of Peterborough, preserved in the 
Collection of Alfred N. Leeds, Esq., 336—A. Smith Woodward. A 
Comparison of the Cretaceous Fish-fauna of Mount Lebanon with that of 
the English Chalk, 354.—A. Smith Woodward. On Bucklandium 
diluvi, Konig, a Siluroid Fish from the London Clay of Sheppey, 355.— 
H. C. McCook. <A new Fossil Spider (Hoatypus Woodward), 366.—H. 
J. Carter. On the Foraminiferal Genus Orbztoides of d’Orbigny, 439. . 


Annals and Magazine of Natural History. Ser. 6. Vol.ii. Nos. 
13-18. 1889. Purchased. 

R. Lydekker. Preliminary Notice of new Fossil Chelonia, 53.—G. 
Baur. The Systematic Position of Metolaniau, Owen, 54.—R. Lydekker, . - 
Nototherium and Zygomaturus, 149.—P. M. Duncan. On some Points 
inthe Anatomy of Paleechinus (Scouler), M‘Coy, and a proposed Classi- 
fication, 196.—H. J. Carter. Further Observations on the Foraminiferal 
Genus Orbitoides of VOrbigny, 210—G. Baur. On “Auwlacochelys,” 
Lydekker, and the Systematic Position of Anosteira, Leidy, and Pseudo- 
trionyx, 273.—A. Smith Woodward. Paleichthvological Notes, 297.— . 
T. Rupert Jones. Notes on the Palseozoic Bivalved Entomostraca, No. 
XXVII. On some North-American (Canadian) species, 373.—J. W. 
Gregory. On Zeuglopleurus, a new Genus of the Family Temnopleuridz 
from the Upper Cretaceous, 490. 


Army Medical Department. Report forthe year 1886. Vol. xxvii. 
1888. 


Atheneum (Journal). Nos. 3165-3192. 1888. 
Nos. 3193-3216. 1889. 

——. Parts 725-732. 1888. 

——. Parts 733-737. 1889. 


Ballarat School of Mines, Industries, and Science. Annual Report, 
1888. 1889. 


Baltimore. Maryland Academy of Sciences. Transactions. 1888. 
- Vol. i. pp. 1-24. 1888. 


P. R. Uhler. Observations on the Eocene Tertiary and its Cretaceous 
Associates in the State of Maryland, 11. 


Barnsley. Midland Institute of Mining, Civil, and Mechanical 
Engineers. Transactions. Vol.xi. Parts96-102. 1888-89. 


Basel. Société Paléontologique Suisse. Mémoires. Vol. xv. 1888. 
1888. Purchased. 

L. Riitimeyer. Beziehungen zwischen Siugethierstammen Alter und 
Neuer Welt.—F. Koby. Monographie des polypiers jurassiques de la 
Suisse, 8° partie—E. Greppin. Description des fossiles de la grande 
Oolithe des environs de Bale.—P. de Loriol et Abbé Bonrgeat. Etudes 
sur les mollusques des couches coralligénes de Valfin, 3° partie. 


Bath Natural-History and Antiquarian Field Club. Proceedings. 
Vol. vi. No. 4. 1889. 
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Belfast Natural-History and Philosophical Society. Report and 
Proceedings for 1887-88. 1888. 


—— Naturalists’ Field Club. Annual Report and Proceedings. 
1887-88. Series 2. Vol. i. Part 1. 1888. 
J.S. Gardner. The Trap Formation of Ulster, 49—W. A. Frith and 
W. Swanston. References to the Diatomaceous Deposits of Lough 
Mourne and in the Mourne Mountains, 62. 


Berlin. Deutsche geologische Gesellschaft. Zeitschrift. Band 
xl, Heftel1-3. 1888. 

J. Kiesow. Ueber Gotlandische Beyrichien, 1.—E. Geinitz. Recep- 
taculitidee und andere Spongien der mecklenburgischen Silurgeschiebe, 
17.—R. Wagner. Ueber einige Cephalopoden aus dem Roth und unteren 
Muschelkalk von Jena, 24.—G. Wigand. Ueber die Trilobiten der silu- 
rischen Geschiebe in Mecklenburg, 39.—G. Berendt. Der Soolquellen- 
Fund im Admirals-Gartenbade in Berlin, 102.—A. Hedinger. Das Erd- 
beben an der Riviera in den Friihlingstagen 1887, 109.—O. Lang. Beo- 
bachtungen an Gletscherschliffen, 119.—H. J. Kolbe. Zur Kenntniss von| 
Insektenbohrgangen in fossilen Holzern, 131.—A. Sauer. Ueber Rie- 
beckit, ein neues Glied der Hornblendegruppe, sowie tiber Neubildung 
von Albit in granitischen Orthoklasen, 138.—C. Ochsenius. LEinige 
Angaben tuber die Natronsalpeter-Lager landeinwarts von Taltal in der 
chilenischen Provinz Atacama, 153.—W. Deecke. Fossa Lupara, ein 
Krater in den Phlegraischen Feldern bei Neapel, 166.—LKck. Ueber 
augitfihrende Diorite im Schwarzwalde, 182.—G. Klemm. Ueber den 
Pyroxensyenit von Grodba bei Riesa in Sachsen und die in demselben 
vorkommenden Mineralien, 184.—C. W. v. Giimbel. Ueber die Natur und 
Entstehunesweise der Stylolithen, 187.—A. Hettnerund G. Linck. Bei- 
trage zur Geologie und Petrographie der columbianischen Anden, 205.— 
O. Lang. Ueber geriefte Geschiebe von Muschelkalkstein der Gottinger 
Gegend, 231.—O. Torell. Temperaturverhiltnisse wahrend der Eiszeit 
und Fortsetzung der Untersuchungen iiber ihre Ablagerungen, 250.—F. J. 
P. van Calker. Ueber glaciale Erscheinungen im Groninger Hondsrug, 
258.—R. D. Salisbury und F. Wahnschaffe. Neue Beobachtungen tiber 
die Quartarbildungen der Maedeburger Borde, 262.—E. Koken. Neue 
Untersuchungen an tertiiren Fisch-Otolithen, 274.J. H. Klocs. Vor- 
laufige Mittheilungen tber die neuen Knochenfunde in Hohlen bei Riibe- 
land im Harz, 306.—E. Stremme. Beitrag zur Kenntniss der tertiaren 
Ablagerungen zwischen Cassel und Detmold, nebst einer Besprechung der 
norddeutschen Pecten-Arten, 310.—J. Felix. Ueber einen Besuch des 
Jorullo in Mexico, 355.—J. Lemberg. Zur mikroskopischen Unter- 
suchung von Calcit, Dolomit und Predazzit, 357.—S. Roth. Beobach- 
tungen uber Entstehung und Alter der Pampasformation in Argentinien, 
079.—R. Brauns. Mineralien und Gesteine aus dem hessischen Hinter- 
land, 405.—G. Berendt. Asarbildungen in Deutschland, 483.—H. Cred- 
ner. Die Stegocephalen und Saurier aus dem Rothliegenden des Plau- 
en’sche Grundes bei Dresden, 490.—G. Berendt. Ein neues Stiick der 
siidlichen baltischen Endmorine, 559,—C,. E. Weiss. Ueber neue Funde 
von Sigillarien in der Wettiner Steinkohlengrube, 565.—-W. Salomon und 
Hi. His. Kéorniger Topasfels im Greisen bei Geyer, 570.—A. Sauer und’ 
T. Siegert. Ueber Ablagerung recenten Losses durch den Wind, 575.— 
F. EK. Geinitz. Ueber die siidliche baltische Endmoridne, 582.—A. 
Remelé. Richtigstellung einer auf die Phacopiden-Species Homalops 
Aliumi, Rem., beziiglichen Angabe, 586.—O. Novak. Bemerkungen 
uber Pentamerus (Zdimur) solus, Barrande, aus Etage G-g? von Hlubo- 
cep bei Prag, 588. 
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Berlin. Gesellschaft naturforschender Freunde. Sitzungsberichte. 
1888. 

A. Krause. Ueber das Vorkommen yon Foraminiferen in einem Jura- 
geschiebe, 38.—A. Nehring. Ueber die Diluvialfaunen von Westeregeln 
und Thiede, 839.—K. Koken. Ueber die miocanen Saiugethier-Reste von 
Kieferstadt in Oberschlesien und wher Hycenarctos minutus, Schlosser, 
MS.,44.—A. Nehring. Ueber das Skelet eines weiblichen Bos primigenius 
aus einem Torfmoore der Provinz Brandenburg, 54.—Huber. Eine 
Krystallgruppe von Flusspath [aus eimer Hohle am Sentis]|, 74.— 
A. Nehring. Ueber das Vorkommen von Arvicola economus, Pall., sp., im 
Diluyium von Thiede und Westeregeln, 80.—W.D. Dames. Amblypristus 
Cheops, nov. gen. et sp. aus dem Eocaén Aegyptens, 106.—A. Nehring. 
Vorlautige Entgegnung auf Wollemann’s Abhandlungen iiber die Diluvial- 
steppe, 153. 


——. Koniglich preussische Akademie der Wissenschaften. Sitz- 
ungsberichte, 1888. Hefte 21-52. 1888. 
H. Burmeister. Bericht iiber Mastodon antium, 717.—H. Burmeister. 
Ein vollstandiger Schadel des Megatherium, 1291. 


——. Koniglich preussische geologische Landesanstalt und Berg- 
akademie. Jahrbuch fir das Jahr 1887. 1883. 

Mittheilungen aus der Anstualt, ix--cix.—W. Frantzen. Untersuch- 
ungen tuber die Gliederung des unteren Muschelkalksin einem Theile von 
Thuringen und Hesse und tuber die Natur der Oolithkorner in diesen 
Gebiresschichten, 1.—C. KE. Weiss. Ueber Fayolia Sterzehana, n. sp., 94. 
—H. Loretz. Ueber das Vorkommen von Kersantit und Glimmerpor- 
phyrit in derselben Gangspalte bei Unterneubrunn im Thiiringer Walde, 
100.—H. Bucking. Mittheilungen uber die Eruptivgesteine der Section 
Schmalkalden (Thiiringén), 119.—F. Wahnschaffe. Bemerkungen zu 
dem Funde eiries Geschiebes mit Pentamerus borealis bei Havelberg, 140. 
—F. Wahnschaffe. Zur Frage der Oberflachengestaltung im Gebiete der 
baltischen Seenplatte, 150.—H. Schroder. Pseudoseptale Bildungen in 
den Kammern fossiler Cephalopoden, 164.—J. G. Bornemann. Ueber 
Schlakenkegel und Laven, 230.—K. Keilhack. Ueber einen Damhirsch 
aus dem deutschen Diluvium, 283.—L. G. Bornemann, jun.—Ueber 
einige neue Vorkommnisse basaltischer Gesteine auf dem Gebiet der 
Messtischblatter Gerstungen und Eisenach, 291.—G. Berendt. Die sud- 
liche baltische Endmorane im Gegend von Joachimsthal, 301.—H. Potonié. 
Die fossile Pflanzengattung Tylodendron, 511.—H. Proscholdt. Ueber 
gewisse nicht hercynische Storungen am Sudwestrand des Thiringer 
Waldes, 332.—H. Schroder. Diluviale Stusswasser-Conchylien auf pri- 
marer Lagerstiitte in Ostpreussen, 349.—G. Berendt und F. Wahnschatte. 
Ergebnisse eines geologischen Ausfluges durch die Uckermark und Meck- 
lenburg-Strelitz, 363.—G. Miller. Beitrag zur Kenntniss der oberen 
Kreide am nordlichen Harzrande, 372,—A. v. Konen. Beitrag zur 
Kenntniss von Dislocationen, 457,—A. Schneider. Das Vorkommen yon 
Tnesit und braunen Mangankiesel im Dillenburgischen, 472. 

G. Gante. Ueber das Vorkommen des oberen Jura in der Nahe von 
Kirchdornberg im Teutoburger Walde, 1. 


——, Paliontologische Abhandlungen. Band iv. MHefte 2-5. 
1888-89. Purchased. 

W. Dames. Die Ganoiden des deutschen Muschelkalkes, 1383.—A. G. 
Nathorst. Zur fossilen Flora Japan’s, 197.—F. Romer. Ueber eine © 
durch die Hautigkeit Hippuriten-artiger Chamiden ausgezeichnete Fauna 
der oberturonen Kreide von Texas, 281.—O.Griepenkerl, Die Versteine- 
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rungen der senonen Kreide von Konigslutter im Herzogthum- Braun- 
schweig, 305. 


Berlin. Zeitschrift fiir das Berg-, Hiitten- und Salinenwesen im 
preussischen Staate. Band xxxvi. Hefte3&4. 1888. 
A. Ehrenberg. Das Erzvorkommen von Rudnik in Serbien, 281. 


——, ——, Band xxxvi. Statistische Lieferungen 1-3. 1888. 
oe band xxxvi. Atlas: Datelniv. xi.” Lose, 


E - Band xxxvu. Heftel & 2: 1889. 

M. Kliver. Ueber den geognostischen Horizont der in den vier benack:- 
barten, an der Bayerisch-Preussischen Landeserenze bei Saarbriicken 
gelegenen Steinkohlengruben Frankenholz, Mittelbexbach, Wellesweiler 
und Kiehwald bebauten Flotzgruppen, 153. 


a. | Bandy x xxvii Ab ast ela Ise SOF 


Berne. Schweizer Alpenclub. Jahrbuch. 23 Jahrgang, 1887-88. 
1888. And Beilagen. Purchased. 
R. Ritz. Verzeichniss der Minerale des Thales und Bezirkes Goms, 
356.—T. Walpen. Uebersicht der Gomsermineralien, 376.—E. v. Fellen- 
berg. Nachtrage und Vervollstandigungen, 377. 


ooo 


Birmingham. Mason Science College. Calendar for the Session 
1888-89. 1828. 


Bordeaux. Societé Linnéenne. Actes. Vol. xl. (4° Série, tome 
Ae SSO. 

EK. Benoist. Observations géologiques fournies par le forage du puits 
artésien du Parc-Bordelais, x, xx.—Croizier. Un saurien rare et un 
échinide nouveau dans la craie du Sud-ouest, xxx.—Croizier. Graviers 
quaternaires et foyer préhistorique aux environs de Ruelle-sur-Touvre 
(Charente), xxx—H. Fallot. Compte-rendu géologique de l’excursion 
trimestrielle a Villagrains, xxxiv.—H. Benoist. Observations géologiques 
aux environs de Mont-de-Marsan, xlv.—E. Fallot et — Croizier. Compte- 
rendu gévlogique de l’excursion trimestrielle a Saillars, lv.—E. Benoist. 
Sur le niveau a Brachiopodes du puits du Parc-Bordelais, Ixv.—E. Fallot. 
Coup d’ceil sur la constitution géologique d’un petit lambeau de la chaine 
des Pyrenées, lxviiiI. Benoist. Note sur la succession des niveaux géolo- 
giques au ruisseau de Moras, lxxii—Durégne. Constitution géologique des 
erassats du bassins d’Arcachon, 1xxiii—Croizier. Compte-rendu géolo- 
gique de la G8™¢ Fete Linnéenne, Ixxx.—E. Fallot. Note sur un fémur 
d’ Halitherium du Muséum de Bordeaux, Ixxxix.—E. Benoist. Note sur 
les Nummulites trouvées dans le forage du puits du Pare-Bordelais, ¢e.— 
L’Abbé Létu. Atelier préhistorique d’Aubiac, 117.—P. Fischer. Sur 
deux espéces de Lepas fossiles du miocéne des environs de Bordeaux, 189. 


—.. . ——. Proces-Verbaux. Vol. xli. (5° Série, tome i.) 
Livraisons 1-3. 1887. 

A. Degrange-Touzin. Notes géologiques sur la région comprise entre 
Gabas (Basses-Pyrenées) et Gavarnie (Hautes-Pyrenées), ix.—E. Benoist. 
Les Nummulites de l’étage Tongrien aux environs de Bordeaux, xxx.— 
A. Degrange-Touzin. Compte-rendu géologique de la premiére excur- 
sion trimestrielle a Vertheuil et 4 Saint-Estéphe, xliimH. Benoist. Sur 
les espéces de Nummiulites recueillies dans le forage du puits artésien, au 
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Chateau-Mauvezin, commune de Moulis, xlvi—E. Fallot. Compte- 
rendu géologique de la deuxiéme excursion trimestrielle, faite le 8 mai 
1887 a Sainte-oy-la-Grande, lii.—P. Cabanne. Note sur l’excursion 
géologique de Sainte-Foy, lvii.—A. Degrange-Touzin. Coupe géolozique 
de Gardegan a Castillon par Belvez, lxii.—E. Fallot. Note sur lOligo- 
céne des environs de Saint-Emilion et de Castillon, lxiv.—E. Benoist. 
Tableau Synchronique des formations Tertiaires du sud-ouest de la 
France, du bassin de Paris, du bassin de Mayence et du Vicentin, 191. 


Boston (Cambridge, Mass.). American Academy of Arts and 
Sciences. Memoirs. Vol, xi. Part 5. No.6. 1887. 


Se ie ee... Vili Peak Ge a NOln/ eae oe 


- Proceedings Vol. xxiii. Part 1. 1888. 

O. W. Huntington. Catalogue of all recorded Meteorites, with a 
description of the specimens in the Harvard College collection, including 
the cabinet of the late J. Lawrence Smith, 37. 


—EEEE 


——. Society of Natural History. Memoirs. Vol.iv. Nos.5 & 
6. 1336: 
J. Marcou. The Taconic of Georgia and the Report on the Geology of 
Vermont, 105. 


3 . Proceedings. Vol. xxni. Parts3 & 4. 1888. 

W. O. Crosby and G.H. Barton. On the Great Dikes at Paradise, near 
Newport, 325.—J. Marcou. On the use of the name Taconic, 343.—N. 
8. Shaler. Origin of the divisions between the layers of Stratified Rocks, 
408.—C. C. Abbott. On the Antiquity of Man in the Valley of the 
Delaware, 424.—G. F. Wright. On the Age of the Ohio Gravyel-beds, 
427.—W. Upham. The Recession of the Ice-sheet in Minnesota in its 
relation to the Gravel Deposits overlying the Quartz Implements found 
by Miss Babbitt at Little Falls, Minn., 486.—W. O. Crosby. Geology 
of the Outer Islands of Boston Harbour, 450.—F. H. Newell. Niagara 
Cephalopois from Northern Indiana, 466.—W. O. Crosby. Geology 
of the Black Hills of Dakota, 488.—J. W. Fewkes. On the Origin of the 
Present Form of the Bermudas, 518. 


Brussels. Musée Royal d'Histoire Naturelle de Belgique. Annales. 
Tome xiv. Faune du Calcaire Carbonifére de la Belgique. 
Partie 6. Brachiopodes par L, G. de Koninck. (4to.) 1887. 
Text and Plates. 


——. Société Belge de Géologie, de Paléontologie et d Hydro- 
logie. Bulletin 1887. Tomei. 1887-88. 


Procés- Verbaux des Séances. 


E. de Munck. Vceu adopté en assermblée générale du Congrés de la 
Fédération Archéologique et Historique de Belgique tenu a2 Namur en 
1886, 12.—Stanislas Meunier. Le tremblement de terre du 23 février, 
1887, 14.—F. Sacco. Le tremblement de terre du 23 février, 1887, en 
Italie, 19.—R. Storms. Deuxiéme note sur les Téléostéens du Rupelien, 
39.—L. Dollo. Sur un Téléosaurien du Luxembourg belge, 39.—E. Van 
den Broeck. Indices d’un nouveau gisement de la Terebratula grandis, 
Blum., et sur l’extension primitive des dépdts pliocénes marins en Bel- 
gique, 40.—A. Rutot, Note sur l’allure souterraine des couches entre la 
Lys et la Senne, 43.—A. Rutot. Sur l’age des grés de Fayat, 43.—A. F. 
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Renard. Notice sur la structure et la composition des ardoises de Glaris. 
Rapprochements que sugeére cette étude avec les phyllades des terrains 
anciens et avec les argiles tertiaires de Belgique, 57.—L. Dollo. L’ceil 
pinéal et les Poissons placodermes du Vieux Grés Rouge, 57.—C. Ubaghs. 
Quelques considérations sur les dépéts crétacés de Maestricht dans leurs 
connexions avec les couches dites Maestrichiennes de Ciply, 58.—A. Ru- 
tot. La géologie des environs de Lonzée, 67.—H. Cauderan. Note sur 
les ressources aquiféres des environs de Dinant, 72.—A. Rutot. Note sur 
quelques coupes de ]’Eocéne observées dans le massif tertiaire au Sud de 
la Vallée de la Sambre, 104.—E. Van den Broeck. Etude sur la faune 
oligocéne d’Elsloo prés Maestricht, 106.—F. Béclard. Les fossiles dévo- 
niens de Saint-Michel, prés de Saint-Hubert, 108.—Véra Goloubtzoff. 
Etude sur la lave basaltique de Tounk (Sibérie), 109.—F. Loewinson- 
Lessing. Etude sur la porphyrite andésitique 4 amphibole de Dewé- 
boyun en Turquie (Asie Mineure), 110.—F. Loewinson-Lessing. Résumés 
bibliographiques de travaux récemment publiés en Russie, 112, 160, 192. 
—A. Rutot. Course géologique a Calevoet, Uccle et St.-Gilles, 118.— 
A. Issel. Le tremblement de terre du 23 février, 1887, observé dans les 
tunnels de la Ligurie, 148.—E. Van den Broeck. Note préliminaire sur 
VYorigine probable du limon hesbayen ou limon non stratifié homogéne, 
151.—A. Rutot et E. Van den Broeck. Les travaux de reconnaissance 
géologique et hydrologique a emplacement des forts de la Meuse, 166. 
—A. Rutot. Course géologique du 28 adut, 1887, d’ semael a Tirlemont 
par Gossoncourt, Autgaerden et Hoegaerde, 171.--E. de Munck. Les 
tremblements de terre d’Havré, prés Mons, 184.—P. N. Venukoff. Sphi- 
rolithe Tachylite von Sichota-Alin im Ussurigebiet, 186.—A. Rutot. 
Sur la limite Nord-est du bassin ypresien en Belgique, 187.—E. de 
Munck. Note complémentaire sur les tremblements de terre d’Havré, 
202.—K. Pergens. Sur l’age de la partie supérieure du Tufeau de Ciply, 
204.—A. Rutot et E. Van den Broeck. Coupes géologiques des terrains 
rencontrés par les galeries alimentaires de la distribution d’eau de la Ville 
de Liége, 209.—C. Ubachs. Compte-reudu de l’excursion de la Société a 
Maestricht et aux environs, les 17, 18, et 19 septembre, 210.—A. Rutot 
et EK. Van den Broeck. Résumé Wobservations nouvelles sur le Crétacé 
de la Vallée de la Méhaigne et sur les facies peu connus quwil présente, 
211.—A. Rutot et EK. Van den Broeck. Etude sur le massif crétacé de 
la vallée de la Petite Geete et de ses affluents, 211.—F. M. Stapff Le 
tremblement de terre du 4 juillet, 1880, dans le tunnel du St.-Gothard, 
213.—A. Rutot. Contribution a la géologie de la ville de Bruxelles, 215. 
—J.C. Purves. Note sur l’existence de l’Avicula contorta, Portlock, et 
du Pecten valoniensis, Defrance, dans le Rhétian du Luxembourg belge, 
216.—P. Dautzenberg. Observations sur quelques coquilles fossiles 
recueillies au Congo by M. le commandant Zboinski, 236.—A. Issel. 
Notes géologiques sur les grands fonds de la mer, 240.—O. Lang. Com- 
position et puissance de l’assise de “Vargile charbonneuse ” (Lettenkohle) 
dans les environs de Gceettingue, 242.—K. Picard. Sur la faune des 
deux zones inférieures du Muschelkalk des environs de Sondershausen, 
244.—A. Renard. Lanature minérale des silex de la craie; contribution 
a l’étude de leur origine, 245.—A. Rutot. Contribution a la connais- 
sance du sous-sol de la ville de Bruxelles, 246.—F. Sacco. Classification. 
des terrains tertiaires conforme a leur facies, 247. 


Mémoires. 


A. Rutot. Détermination de allure souterraine des couches formant 
Je sous-sol des Flandres, entre Bruxelles et Ostende, 3.—A. Rutot. Note 
sur allure souterraine des couches entre la Lys et la Senne, 21.—Comm. 
Zhboinski. Hsquisse gévlogique du Bas-Congo, de l’embouchure (Banana) a 
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Manyanga et au dela vers le Stanley-Pool, 836.—A. Rutot. Sur lage du 
e7vés de Fayat, 42.—E. Van den Broeck. Sur un nouveau gisement de 
la Terebratula grandis (Blum.) avec une carte de l’extension primitive des 
dépots pliocénes marins en Belgique, 49.—F. Béclard. Les fossiles 
coblenziens de St.-Michel, prés de St.-Hubert, 60.—R. Storms. Premiére 
note sur les poissons fossiles du terrain rupelien, 98.—A. Rutotet E. Van 
den Broeck. Observations nouvelles sur le Crétacé supérieur de la Hes- 
baye et sur les facies peu connus qu il présente, 113.—P. N. Wenjukoff. 
Spharolith-Tachylit von Sichota-Alin, im Ussurigebiet, 165.—E. de 
Munck. Les tremblements de terre d’Havré (Hainaut), 177.—H. de 
Munck. Note supplémentaire sur les tremblements de terre d’Havré, 
187.—A. Rutot. Note sur quelques coupes de l’Kocéne observées dans le 
massif tertiaire au Sud de la vallée de la Sambre, 192.—E. de Munck. 
Nouvelle note supplémentaire sur les tremblements de terre d’Havré, 207. 
—C. Ubaghs. Compte-rendu général des séances et excursions de la 
Société Belge de Géologie, de Paiéontologie et d’Hydrologie, a Maes- 
tricht les 17, 18 et 19 septembre, 1887, 209.—O. Lang. Beschatfenheit 
und Machtigkeit der Lettenkohlenstufe bei Gottingen, 235.—K. Van den 
Broeck et A. Rutot. Etude géologique et hydrologique des galeries 
deaux alimentaires de la ville de Liége, 242.—F. Sacco. Classification 
des terrains tertiaires conforme 4 leurs facies, 276. 


Brussels. Société Belge de Géologie &c. Bulletin. Tome uu. Fase.1-9. 
1888-9, 


Procés- Verbaux. 


Stanislas Meunier. Recherches sur l’origine et le mode de formation 
de la Bauxite, 5.—E. Van den Broeck et A. Rutot. De V’extension des 
sédiments tongriens sur les plateaux du Condroz et de l’Ardenne et du 
réle géologique des valiées d’effondrement dans les régions a zones cal- 
caires de la Haute Belgique, 9.—A. Rutot et E. Van den Broeck. Note 
complémentaire sur l’age des grés de Séron, 26.—J. Lorié. Observations 
eéologiques, 27.—C. Reid. Notes sur le Pliocéne anglais, 28.—F. Lee- 
winson-Lessing. Analyses de travaux récemment publiés en Russie, 29, 
55, 90, 160.—E. Dupont. Communication sur la géologie du Congo, 44. 
—A. Renard. Notice sur les roches de Pico di Teyde (Ile de Téneriffe), 
74.—C. Ubaghs. Considérations paléontologiques relatives au tufeau de 
Folx-les-Caves, 75.—A. Rutot. Sur deux puits artésiens creusés dans la 
Banlieue de Bruxelles par M. H. M. Axer, 77.—A. Rutot. Le puits 
artésien de Roulers; contribution a la connaissance du sous-sol de la 
Flandre Occidentale, 79.—L. Dollo. Sur la signification de la créte oeci- 
He de Pteranodon, 79.—M. Simettinger. Die Cokeshare Tertiar-Kohle 

nterstelermarks, 80.—E. Van den Broeck et A. Rutot. Deuxiéme note 
sur la reconnaissance géologique et hydrologique des emplacements des 
Forts de la Meuse, 81.—E. Pergens. Remarques sur la réunion du cal- 
eaire de Mons et du tufeau de Ciply dans un méme groupe stratigraphique, 
103.—A. Rutot et E. Van den Broeck. Quelques mots relatifs aux re- 
marques de M. Pergens au sujet de la réunion du calcaire de Mons et du 
tufeau de Ciply, 105.—L. Dollo. Sur Vhumérus d’Luclastes, 107.— 
Stanislas Meunier. Notes préliminaires sur le puits artésien de la place 
Hébert, a Paris, 107.—A. Rutot. Eruption du Mont Tarawera dans la 
Nouvelle Zélande, 108.—A. Rutot. A propos de l’étage Ledien coup- 
d’ceil rétrospectif sur les progrés de la géologie des environs de Bruxelles, 
109.—A. Rutot. Compte-rendu de la course géologique du dimanche 
20 mai 1888 a Anderlecht, Dilbeek et Itterbeek, 127.—F. Loewinson- 
Lessing. Quelques considérations genitiques sur les diabases, les gabbros 
et les diorites, 146—E, Van den Broeck. Quelques mots au sujet du role 
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des formations coralliennes dans les études stratigraphiques, 148.—E. 
Dupont. Remarques sur l’importance de la recherche de Jorigine des 
dépots, 151.—J. Ortlieb. Quelques mots sur les roches phosphatées et 
sur les boues geyseriennes de l’Algérie, 153.—EH. Van den Broeck. De 
Vextension des dépots Tongriens dans la Haute Belgique entre Verviers, 
Eupen et Herbestal, 156.—A. Rutot. Contribution a la géologie de la 
Ville de Bruxelles, 158.—K. Mayer-Eymar. Trois Spondyles nouveaux 
du Parisien inférieur de la Suisse, 1838.—J. Beissel. Die IF oraminiferen 
der Aachener Kreide, 185.—J. Lorié, Quelques considérations sur le sable 
campinien et sur le diluvium sableux, 186.—A. Rutot. Contribution a la 
Géologie de Bruxelles, 187.—E. Van den Broeck. A propos de l’origine 
éolienne de certains limons quaternaires, 188.—A., Rutot. Compte-rendu 
de la course géologique du dimanche 10 juin 1888, a Onoz-spy et Vélaine, 
195.—A. Renard. Notice sur les roches de Le de St. Thomas, Antilles, 
212.—A. Rutot. Etude géologique et hydrologique des puits creurés dans 
le sud de la Hesbaye pour les Raperies de la Cie. anonyme des sucreries 
centrales a Wanze (Huy), 214A. Rutot, EH. Van den Broeck et C. 
Aubry. Rapport de la délégation de la Société, envoyée 4 Solwaster pour 
y constater le degré d’authenticité de découvertes de mézalithes, 215.— 
P. Gourret et A. Gabriel. Le crétacé de Garlaban et @ANauch, 220.— 
C. Van Mierlo. Distribution d’eau potable 4 Ostende, 221.—A. Houzeau 
de Lehaie. Elaboration Wun programme d’étude sur les sources miné- 
rales et sur les eaux alimentaires de Belgique, 224.—H. Van den Broeck. 
Les Eaux minérales de Spa, 235.—P. Chottat. Bibliographie géologique 
des travaux récemment publiés dans la péninsule Ibérique, 261.—A. Rutot. 
Compte-rendu de la course géologique effectuée le dimanche 1% juillet 
1888 dans les vallées de la Petite Geete et de ses affluents, 264.—E. Holz- 
apfel. Les mollusques de la craie d’Aix-la-Chapelle, 270.—A. Houzeau 
de Lehaie. Congres géologique international IV. Session, Réunion de 
Londres, Compte-rendu sommaire, 283.—F. Sacco. Observations sur le 
Tertiaire de la Suisse, 289.—S. Meunier. Sur la théorie des météorites, 
290.—Comm. Zhboinski. L’Attique décrite au point de vue géologique, 
métallifére, minier et métallurgique, 296.—A. Kutot. Le puits artésien 
de Blankenberghe, 296.—A. Rutot. La nouvelle éruption voleanique au 
Japon. Explosion du “ Petit Bandai-San” le 15 juillet, 1288, 297.—L. 
Dollo. Auchenosaurus multidens, 300,—P. Venukotf. tude sur la fuune 
du Calcaire Carbonifére Inférieur de la Région du Bardoun, en Mongolie, 
301.—E. Van den Broeck. A propos du role de la géologie dans les tra- 
vaux dintérét public, 303.—E. Van den Broeck. (Résumé biblicgra- 
phique.) “Les Formes du Terrain” par G. de la Noé et Emm. de Mar- 
gerie, 311.—F. Loewinson-Lessing. Revue Bibliographique des nouvelles 
Publications géologiques et paléontologiques russes, 319.—J. Prestwich. 
Discours de, Congrés Géologique International, London, 1888, 330.—L. 
Fletcher. Introduction a l’étude des météorites, 340.—A. Poskin. Note 
sur l’origine des eaux minérales de Spa, 300.—M. Mieg. Quelques obser- 
vations au sujet de Vorigine des eaux minérales de Spa, 404—C. T. 
Moulan. Note sur le niveau des grandes sources des calcaires de la 
vallée de la Meuse et de ses affluents, 416—A. Rucquoy. Les eaux 
arsenicales de Court-St.-Etienne, 412.—Huet. Le Puits artésien de la 
Chapelle, ou de la Place Hébert, 4 Paris, 483.—P. Vénukoff. Les Roches 
Basaltiques de la Mongolie, 441.—F. Sacco. Un coin intéressant du 
bassin tertiaire italien, 448.—-A. Rutot. Sur Vemploi des plaques ortho- 
chromatiques pour la photographie des sites géologiques, 449.—O. Ubaghs. 
Le crane de la Chelonia Hoffmanni, 452.—K. Van den Broeck. La nou- 
velle carte géologique internationale d’Europe a I’échelle du aA. 
Rutot. Nouvelles observations relatives 4 l’extension de VY presien dans 
la région du nord-est de la Belgique, 488.—O, Lang. De l’action de la 
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gelée sur les éboulis anisoméres, 490.—S. Meunier. Coup-d’ceil sur 
Vhistoire géologique des météorites, 492.—E. Van den Broeck. Décou- 
verte d’un fruit de Conifére recuelli par M. Cerfontaine dans les grés 
hruxelliens des environs de Bruxelles, 498.— F. Lcewinson-Lessing. 
Revue bibliographique russe, 500.—P. Choffat. Revue bibliographique 
portugaise, 502. 

Mémoires. 


S. Meunier. Recherches sur l’origine et le mode de formation de la 
Bauxite, du Fer en grains et du Gypse, 3—F. M. Stapff. Essai d'une 
classification du gneiss de l’Eulengebirge (Basse-Silésie), 10—A. Issel. 
Note geologiche sugli alti fondi marini, 19.—C. Ubaghs. Quelques con- 
sidérations sur lage de la craie tufeau de Folx-les-Caves, 49.—A. Rutot. 
Le puits artésien de Roulers, 58.—A. Renard. Note sur les roches du 
Pic du Teyde (Teneriffe), 67.—F. Leewinson-Lessing. Quelques cor- 
sidérations génétiques sur les diabases, les gabbros et les diorites, 82.— 
J. Lorié. Quelques considérations sur le sable campinien et sur le dilu- 
vium sableux, 93.—A.Rutot. Contribution 4 la géologie de Bruxelles, 
101.—K. Picard. Ueber die Fauna der beiden untersten Schaumkalk- 
schichten « und 8 des Muschelkalks bei Sondershausen, 109.—H. van 
Cappelle, Jr. Quelques observations sur le quaternaire ancien dans le nord 
des Pays-Bas, 125.—E. Van den Broeck et A. Rutot. Un nouvel appareil 
portatif de sondage pour reconnaissance rapide du terrain, 155.—K. Mayer- 
Eymar. Douze espéces nouvelles du Londinien Inférieur du Monte 
Postale (Vicentin), 197.—A. Rutot. Note sur la limite orientale de 
l’étage Ypresien dans le nord-est de la Belgique suivie de considérations 
hydrologigques découlant de la connaissance de l’étendue du Bassin Ypre- 
sien, 204.—C. Van Mierlo. Distribution d’eau potable a Ostende, 249.— 
A. Rutot. Le puits artésien de Blankenberghe, 260.—F. Sacco. Les 
terrains tertiaires de la Suisse, 271.—P. Gourret et A. Gabriel. Le eré- 
tacé de Garlaban et d’Allauch (Bouches-du-Rhéne), 297.—H. Pohlig. 
Sur la structure de la coquille des Diseina, 337.—A. Poskin. Les sources 
minérales de la Belgique, 348.—C. Ubaghs. Le Crane de Chelone Hoff- 
manni, 383.—A. Lemonnier. Compte-rendu de I’excursion annuelle ex- 
traordinaire a Mons, 393. 

Traductions &c. 


J. Gosselet. Lecons sur les nappes aquiféres du Nord de la France, 3. 


Brussels. Société Belge de Géologie, de Paléontologie et d’Hydro- 
logie. Bulletin. Tomei. Fase.1 & 2. 1889. 


Procés-verbauz. 


E. Pergens. Sur les bryozoaires fossiles de Wola-~Luzanska, 11.—J. 
Ortlieb. Note sur un cas de formation accidentelle de dolomie, 12.—H. 
J. Johnston-Lavis. Note sur les récentes manifestations du Vésuye, 14. 
—S. Nikitin. Quelques excursions dans les terrains mésozoiques de 
l'Europe occidentale et comparaison de leur faune avec celle de la Russie, 
15.—A. Rutot. Sur un sondage effectué par M. T. C. Moulan au Mont 
de ] Hotond, prés Renaix, 16.—F. Leewinson-Lessing. Revue bibliogra- 
phique russe, 20.—A. Rutot. L’Ardenne par J. Gosselet, 25—A. Rutot 
et E. Van den Broeck. Annexe 4 la notice bibliographique sur 
“VArdenne,” 57.—A. Rutot et E. Van den Broeck. Etude géologique 
et hydrologique de emplacement projeté pour ]’établissement du nouveau 
cimetiére de Saint-Gilles, a Uccle-Calevoet, suivie de quelques remarques 
sur le réle de la Géologie dans la question des Cimetiéres, 67 -—E. Van 
den Broeck. Etude géologique et Hydrologique du Condroz et de l’entre 
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Sambre-et-Meuse, 77.—A. Rutot et E. Van den Broeck. Le puits arté- 
sien du Nouvel Hétel des Postes de Bruxelles, 99.—J. Van Scherpenzeel 
Thim. Observations sur Vorigine des eaux de Spa, 105.—J. Gosselet. La 
limite orientale de l’étage Ypresien dans le nord-est de la Belgique, 108. 
—E. Vanden Broeck. De l’Age des sables tertiaires des plateaux bordant 
la Meuse dans la région de Liége, 110.—A. Rutot. Sur deux coupes de 
Bernissartien (Wealdien) au nord-est de Mons, 112.—H. Van de Vyvere. 
Historique et Composition de l’eau ferrugineuse et arsenicale de Dinant, 
132. 


Mémoires. 


H. J. Johnston-Lavis. L’état actuel du Vésuve, 3.—F. Sacco. Un 
coin intéressant du tertiaire d’Italie, 12—S. Nikitm. Quelques excur- 
sions dans les Musées et dans les terrains mésozoiques de |’Hurope occi- 
dentale et comparaison de leur faune avec celle de la Russie, 20.—E. 
Pergens. Zur fossilen Bryozoenfauna von Wola lw’zanska, Galizien, 59. 
—A. Rutot. Les puits artésiens de Dottignies-St.-Léger et d’Estaim- 
bourg, 73.—A. Rutot. Matériaux pour servir 4 la Connaissance de la 
Géologie et de ]’Hydrologie souterraine de la Hesbaye, 82.—V. Gilliéron. 
Note sur l’achévement de la premiére carte géologique de la Suisse a 
grande échelle, 110.—P. Choffat. Observations sur le Pliocéne du Por- 
tugal, 119. 


Brussels. Société Royale Malacologique de Belgique. Annales. 
Tome xxu. 13887. 1888. 


Bulletin. 


K. Pergens. Les Bryozoaires du Tasmajdan, a Belgrade, xii.—H. Vin- 
cent. Observations critiques sur des fossiles recueillis & Anvers, Xxx1.— 
EK. Pergens. Note préliminaire sur les Bryozoaires fossiles des environs 
de Kolosvar, xxxili.—E. Vincent. Sur quelques coupes visibles sur le ter- 
ritoire de la planchette de Saventhem, xl—D. Raeymaekers et Baron A. 
de Loé. Note sur les dépéts quaternaires du sud de Tirlemont, xlvi.—E. 
Pergens. Note supplémentaire sur les Bryozoaires du Tasmajdan, lix.— 
hk. Bayet. Note sur quelques excursions géologiques faites aux environs 
de Lugano (Tessin), xciiii_-E. Delvaux. Notice bibliographique sur 
un mémoire de M. le Dr. J. Lorié, intitulé: Contributions a la géo- 
logie des Pays-Bas, civ.—V. Dormal. Sur des Poissons Dévoniens dans 
le Bassin de Namur (Rivage Septentrional), xi. 


Mémoires. 

M. Cossmann. Catalogue illustré des Coquilles Fossiles de 1’ Kocéne 
des Environs de Paris, 3.—H. Vincent. Note sur le Volutopsis norvegica 
fossile du Crag d’Anvers, 223.—E. Vincent. Remarques sur | Acanthina 
tetragona, Sow., du Pliocéne d’ Anvers, 225. 


: . Procés-verbaux des Séances. Tome xvii. 1888. 
pp. i-Ixxu. 1888. 

G. Vincent. Note sur deux crustacés brachyures nouveaux pour la 
faune du Pays, v.—C. Malaise. A propos des schistes siluriens de Huy, 
xii.—D. Raeymaekers. Note sur la présence de blocs landeniens dans le 

p 

uaternaire des environs de Louvain, xv.—M.Mourlon. Sur le ledien de 
q ’ 
Lede, prés d’Alost, xxi.—G. Vincent. Découverte de Cyrena fluminats, 
Miull., dans les alluvions de )’Escaut, xxxix.—D. Raeymaekers. Sur la 

; 9 5 4 r] : F J 5 S 

résence de blocs non roulés de erés tongriens fluyio-marins 4 la base du 

p 8 g 
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quaternaire, xl—G. Vincent. Nouvelle liste de la faune conchyliolo- 
eique de Vargile rupelienne, xlvi—P. Pelseneer. Sur la classification des 
gastropodes d’aprés le systéme nerveux, xlyiliitA. Daimeries. Notes 
Ichthyologiques (Systeme Landenien et Heersien), li, liv—M. Mourlon. 
Sur le ledien 4 Youest de Bruxelles, lxiii—M. Mourlon. Sur une coupe 
du quaternaire a Lede, prés d’Alost, Ixii. 


Buckhurst Hill. Essex Field Club. Essex Naturalist. Vol. i. 
Nos. 8-12. 1888. 

W.G. Smith. Neolithic and Paleolithic Scrapers, Replaced and Re- 
worked, 67.—W.G. Smith. Paleolithic Implements; Large and Heavy 
Examples, 97.—T. V. Holmes. The Subterranean Geology of South- 
eastern England, 158. 


Budapest. K. ung. geologische Anstalt. Jahresbericht fir 1887. 
E329. 

J. Bockh. Directions-Bericht, 5.—A. Koch. Bericht tiber die im 
Sommer 1887 durchgefthrte geologische Specialaufnahme des westlich 
von Torda gelegenen Gebietes im ‘l'orda-Aranyoser Comitate, 29.—J. 
Pethé. Geologische Studien in den nordlichen Auslaufern des Hegyes- 
Drécsa-Gebirges, an dem linken Ufer der Weissen-Kéros, 67,— L. v. Loczy. 
Bericht tiber die geologischen Detailaufnahmen im Arader Comitate im 
Sommer des Jahres 1887, 101.—T. Posewitz. Bericht wber die geolog- 
ischen Detailaufnahmen im Jahre 1887, 114.—L. Roth vy. Telegd. Die 
Gegend stdlich von Steierdorf und ostlich von Steierdorf-Anina, 124.— 
J. Halavats. Bericht uber die im Jahre 1887 in der Umgebuneg yon 
Dognacska ausgefiihrte geologische Detailaufnahme, 149.—F. Schafarzik. 
Ueber die geologischen Verhaltnisse des Jardasticza- und Sekasticza- 
Gebietes NW-lich und W-lich von Topletz im Krass6-Szérényer Comi- 
tate, 162.—A. Gesell. Montangeologische Aufnahme des Kremnitzer 
Erzbergbau-Gebietes, 176.—A. Kalecsinszky. Mittheilungen aus dem 
chemische Laboratorium der kgl. ungar. geologischen Anstalt, 189. 


——. -——. Mittheilungen aus dem Jahrbuche. Band vin. 
Hefte6 &7. 1889. 
J. Halavats. Die zwei artesischen Brunnen von Héd-Mezé-Vasarhely, 
211.—M. Kispatic. Ueber Serpentine und serpentin-anliche Gesteine 
aus der Fruska-Gora (Syrmien), 395. 


===) Publicationen, 

Petrik, L. Ueber ungarische Porcellanerden mit besonderer beruck- 
sichtigung der Rhyolith-Kaoline. 8vo. Budapest. 1887.—L. Petrik. 
Der Hollohdzaer (Radvanyer) Rhyvlith-Kaolin. 8vo, 1889. 


——. Magyarhoni Foldtani Tarsulat. _(Ungarische geologische 
Gesellschaft.) Foldtani Kézlony. (Geologische Mittheilungen 
Amtliches Organ der k. ung. geologischen Anstalt.) Kotet xvii. 
Piuzer 7-12.) esx esr. 

M. Hantken. Tinnyea Vasdrhelyvi, exy uj csiganem és uj faj a 
congeriarétegekbol, 318.—G. Noth. A. Horvat-Szlavonorszighan és a 
Murakozon eld!ordulo hegyi Katranyrol és Koolajrol, 316.—M. v. Hantken. 
Tinnyea Vasdrhelywt nov. gen. et nov. spec., 345.—J. Noth. Bergtheer und 
Petzoleumvorkommen in Kroatien-Slavonien und im stidwestlichen Un- 
earn, 848.—A. Gezell. Antimonerzbergbau bei Kiraly-Lubella im Lip- 
tauer Comitat, 369.—S. Fischer. Magyarorszig konybas0és vizei, 877.— 
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S. Fischer. Die Salzquellen Ungarn’s, 449.—S. Schmidt. <A. Szerbiai 
Cinnober, 531.—A. Schmidt. Zinnober von Serbien, 551. 


Budapest. Magyarhoni Foldtani Tarsulat. (Ungarische geologische 
Gesellschaft.) Foldtani Kozlony. (Geologische Mittheilungen 
Artliches Organ der k. ung. geologischen Anstalt.) Kotet xvii. 
Fiizet 5-12. 1888. 1888. 

J. Bockh. Triaskorbeli lerakodasok fellépte Szaszkabinyan, 182.—S. 
Kalecsinszky. Az 1887 évi fevrnar hoé 23 iki felsdolaszorszagi foldrengés, 
194.—T. Posewitz. Ujabb foldtani folfedezesek Borneo szigete észak- 
keleti részében, 214—H. EK. Liveing. Az erdélyi aranybanyaszatrol, 
219.—W. Bruno. Beitrag zur Kenntniss der Erzlagerstiitten Bosniens, 
229, 321.—J. Bockh. Das Auftreten von Trias- Ablagerungen bei 
Szaszkabanya, 280.—A. Kalécsinsky. Das Erdbeben in Oheritalien vom 
23 Februar 1887, 295.—T. Posewitz. Neue geologische Entdeckungen 
in Borneo. 316.—S. Roth. A Magas-Tatra északi oldalanak hajdani 
jégarai, 3387.—S. Szabo. A jégkorszak hatisa Magyarorszagban, 367.— 
K. Zimanyi. Sristalytani vizs¢alatok, 372.—S. Roth. Spuren einstiger 
Gletscher auf der Nordseite der Hohen Tatra, 395.—J. v. Szabo. Die 
Action der Eiszeit in Ungarn, 431. K. Zimanyi. Krystallographische 
Untersuchungen, 437.—-J. Loczka. Asvanyelemzési kozlemenyek, as 
K. Murakézy. A piispokladényi artézi kit gazdnek elemzése, 
Martiny. Az O-Antaltdrnadltal feltart éreztelérek Vihnye és Hadras 
kézétt, 467—F. J. Kremnitzky. Az érezképzodesre vonatkozé megtig- 
yelések a verespataki erczhegység dvében, 479.—J. Loczka. Mineral- 
chemische Mittheilungen, 496. aK Murakizy. Analyse des Gases 
des artesischen Brunnens von Piispdkladiny, 500.—K. v. Murakézy. 
Analyse des im artesischen Brunnen von Szentes gefundenen Vivianit, 
504.—St. Martiny. Die durch den Antonstollen erschlossenen Giinge 
zwischen Vihnye und Hodrusbanya, 505.—F. J. Kremnitzky. Beobacht- 
ungen tiber das Auftreten des Goldes im Ver espataker Erzreviere, 517,— 
F. Schafarzik. Eine Carya. Frucht von Gran, 520. 


——— 
e 


(——.) Kotet xix. Fiizet 1-6. 1889. 

A. Koch. OM 1886 évi erdélyi foldrengésekrél, 5—M. Kispatic. 
Az 1884, 1885 és 1886-iki horvaét-szlavon- “dalmatorszaci valamint a 
hosnyak-herezegovinai foldrengésekrol, 12.—F. Schafarzik. Az 1885 
és 1886, evi magvorszagi foldrengésekrol, 29.—A. Koch, M. Kispatie and 
F. Schafarzik. Ueber die Erdbeben der Karpathen- und Kar stlander, 
73.—J. Szabo. Jelentés az 1888 szeptember havaban Londonban tartott 
nemzetkézi kongressusrél, 129.—G. Halavats. Adat Hontmegye foldtani 
viszonyainak ismeretéhez, 142.—M. Staub. Meovaltoztattak- -e a Fold 
sarkai helyzetdket vagy nem | ?, 145.—G. Téelas. Romai marvany banya a 
Bisztra-vélgyben, Bukova hunyadmesy ei falu hataran, 154.—G. Téglas. 
A hasznos fémek nevei, 160.—J. Halavats. Beitrag zur Kenntniss der 
geologischen Verhaltnisse des Comitates Hont, 207.—G. Téglis. Romi- 
scher Marmorbruck im Bistrathale, 209. 


Buenos Ayres. Academia Nacional de Ciencias en Codrdoba. 
Boletin. Tomo x. Entrega 2. 1887. 


—. —. ——. Tomoxi. Entregas1 & 2. 1887-88, 


—. Museo La Plata (Provincia de Buenos Aires). Boletin, 
Informe preliminar de los progresos, durante el primer semestre 
de 1888, por su director Francisco P. Moreno. 8¥o. 1888. 
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Buenos Ayres. Sociedad Cientifica Argentina. Anales. Tomo xxv. 
Entregas 3-6. 1888. 


—. —. ——. 1888. Tomo xxvi. Entregas 1-6. 1888. 
——. —~. ——. 1889. Tomo xxvii. Entrega 1. 1889. 


Caen. Société Linnéenne de Normandie. Bulletin. Série 4. Vol. i. 
1886-87. 1888. 

A. Bigot. Etudes sur les terrains anciens du nord du Cotentin, 9.— 
A. Bigot. Note sur l’arkose du Val-de-Saire, 12.—L. Lecornu. Sur le 
silurien des vallées del’Orne et de l’Odon, 19.—J. Moriére. Note sur une 
nouvelle Cycadée du Lias, 125.—B. Renault. Clathropodium Moriert, 
143.—L. Lecornu. Note sur les ecarriéres souterraines du Calvados, 
164.—L. Corbiére. Compte-rendu de la réunion annuelle de la Société 
Linnéenne de Normandie 4 Saint-Sauveur-le-Vicomte (Manche), 290,.— 
A. Bigot. Note sur le terrain dévonien des environs de Carteret et de 
Portbail, 335. 


Calcutta. Asiatic Society of Bengal. Journal. N.S. Vol. lvi. 
Part 2. Nos.4&5. 1887. 1888. 


——,. ——. ——. NA. Vol.lvi. Part 2. Nos. 1-4. 1888. 
1889. 
H. Collett. On certain Features in the Geological Structure of the 
Myelat District of the Southern Shan States in Upper Burmah as affecting 
the Drainage of the Country, 384. 


——. ——. Proceedings. 1888. Nos. 3-10. 1888-89. 


Cambridge, Mass. Museum of Comparative Zoology at Harvard 
College. Annual Report for 1887-88. 1888. 


Bulletin. Vol. xiii. Nos. 9 &10. 1888. 


: ; SyuVoly xvil~ INjo.22 > USS: : 

N.S. Shaler. On the geology of the Cambrian district of Bristol 
County, Massachusetts, 15.—L. Lesquereux. Fossil Plants collected at 
Golden, Colorado, 43.—W. M. Davis. The Faults in the Triassic For- 
mation near Meriden, Connecticut, 61. 


. Vol. xvii. Nos. 1-3. 1888-89. 
A. Agassiz. The Coral Reefs of the Hawaiian Islands, 121. 


Cambridge Philosophical Society. Proceedings. Vol. vi. Parts4&5. 
1888-89. 

H. Gadow. The character of the geological formation a factor in 
Zoogeographical Distribution, illustrated by observations in Portugal and 
Spain, 182.—T. McK. Hughes. Note on Beekite, 246.—W. Bateson. 
Suggestion that certain Fossils known as Bilobites may be regarded as 
casts of Balanoglossus, 298. 


== Transactions. Voll xy. Bart 3. les 


Cape Town. | South-African Philosophical Society. Transactions. 
Vol. v. “Part 1. 1888. 
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Carlisle. Cumberland and Westmoreland Association for the Ad- 
vancement of Literature and Science. ‘Transactions. No. 15. 
1887-88. 1888. 

J. G. Goodchild. The Physical History of Greystoke Park and the 

Valley of the Petteril, 89. —J.G. Goodchild. The Old Lakes of Eden- 

side, 105. 


Chapel Hill, Nortb Carolina. Elisha Mitchell Scientific Society. 
Journal. Sth year, part 2. 1888. 8vo. 
W. B. Phillips. On the Three Crystallographic Axes, 66.—W. B. 
Phillips. Mica Mining in North Carolina, 73. 


Chemical News. Nos. 1490-1518. 1588. 

——. Nos. 1519-1542. 1889. 

Chemical Society. Journal. Nos. 308-313. 1888. 
——-. -——. Supplementary number, 1888. 1888. 


. Nos. 314-319. 1889. 
N. Collie. On some Leadhills Minerals, 91. 


Cincinnati. The Paleontologist. See Booxs, James, U. P. 
City of London College. Calendar for 1888-89. 8vro. 1888. 


Colliery Guardian. Vol. lvi. Nos. 1436-1461. 1888. 

J. H. Collins. A practical dictionary of English and Foreign Mining, 
Metallurgical, and Mineralogical Terms, 25, 98, 128, 244, 279, 316, 338, 
387, 423, 446, 495, 531, 590, 626, 674, 709, 747, 818, 853, 891, 924.— 
Natal Coalfields, 85. 


——. Vol. lvii. Nos. 1462-1487. 1889. 

J. H. Collins. A practical dictionary of English and Foreign Mining, 
Metallurgical, and Mineralogical Terms, 14, 60, 96, 122, 170, 243, 278, 37 2) 
421, 45 iia 481, 590, 638, 709, 732, 788, 816, 850, sol. 


Copenhagen. Kongelige Danske Videnskabernes Selskab. Natur- 
videnskabelige og Mathematiske Afhandlinger. Reekke vi. 
Bind iv. Nos. 6-8. 1887 & 88. 


ee | Korhandinger. Oversiet, “S387. No. 3) e377, 

. 1888. Nos. 1-3. 1888. 

J. Steenstrup. Mammuthjager Stationen ved Predmost, 145.—J. 
Steenstrup. Ved Fremleggelsen af Skriftet “ Kjékkenmiddinger,” 218. 


me (see Omy Monday S80) 


ee 


Cracow. Akademija Umiejeinosci w Krakowie. Bulletin Inter- 
national. Comptes Rendus des Séances de Vannée 1889. 
Nose l=5, Sieso: 

F. Kreutz. Ueber Turmalin- und Granat-ftihrende Granite Wol- 
hyniens, No. 1, xxili—W. Szajnocha. Ueber die _Stratigraphie der 

Silur-A blagerungen i in Galizisch-Podolien, No. 5, xxxiii. 
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Cracow. Akademija Umiejeinosci w Krakowie. Pamietnik. 
Wydzial Matematyczno-pyzyrodniezy. Tom xiv. 1888. 
W. Teisseyre. Studyja paleontologiczue. I. Proplanulites novum 
genus, rzeczo faunie ammonitowe] krakowskich oolitéw, 75. 


Sl omeeelicoc: 


ss Rozprawy i Spawozdania z Posiedzen wyd- 
ziatu matematyczno-przyrodniczego. Tom xvii. 1888. 


ee ee Se 
=) = | Roeznik ZAarmduy ok cc lose 


Demerara. Royal Agricultural and Commercial Society of British 
Guiana. 'Timehri, being the Journal of the. N. 8. vol. ii. - 
Parts Wk 2: 183e. 


Dijon. Académie des Sciences, Arts et Belles-Lettres. Mémoires. 
Ser. 3. Tome x. 1887. 1888. 


Dorpat. Naturforscher-Gesellschaft bei der Universitit. Archiv 
fiir die Naturkunde Liv-, Ehst- und Kurlands. Serie 1]. 
Mineralogische Wissenschaften nebst Chemie, &c. Band ix. 
lief. 5. 1889. 

R. Guleke. Ueber Lage, Ergiebigkeit und Gute der Brunnen 

Dorpats, 289. 


——. ——. Sitzungsberichte. Band viii. Hefte2 & 3. 1887-88. 
1888-89. 


©. Grewingk. Die geologischen Verhiltnisse der Bahnlinien Riga- 
walk-Pskow und Walk- ~Dorpat, 233.—J. Siemiradzky. . Ueber die Jura- 
bildungen von Popielany, 408. 


Schriften. No. 2. Einige Spielarten der Fichte, 
von Graf Fr. Berg. 1887. (8vo.) 

No. 3. Zur Anatomie resp. physiologischen 
und vergleichenden Anatomie der Torfmoore von E. Russow. 


1887, 


: No. 4. Neue Untersuchungen tiber die 
Bessel’sche Formel und deren Verwendung in aes Meteorologie 
von K. Weihrauch. 1888. 


Dresden. Konigliche mineralogisch-geologische und_ priahistor- 
ische Museum. Mittheilungen. Heft 8. (4to, Cassel.) 1889. 
Presented by Dr. H. B. Geimtz, F.M.GS. 

G. Stenzel. Die Gattung Tudbicaulis, Cotta, 1. 


. Naturwissenschaftliche Gesellschaft Isis. Sitzungsberichte 
und Abhandlungen, 1888. Januar bis December. 1888-89. 


_, 


Abhandlungen. 


O. Schneider. Ueber japonischen und prihistorischen sicilischen 
Bernstein, 9. 
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Dublin. Royal Irish Academy. Proceedings. Series 3. Vol. 1. 
Nowe S33: 
W. J. Simpson. Notes on worked flints found on a raised beach at 
Portrush in August 1886, 76. 


a, Transactions. Voli xxix, Parts 3=5.—1888-89: 


——. Royal Geological Society of Ireland. Journal. Vol. xvii. 
Part 2. (N.S. Vol. vu. Part 2). 1885-87. 1887. 

J. P. O'Reilly. On the Gaseous Products of the Krakatoa Eruption and 
those of Great Eruptions in general, 75.—A. B. Wynne. Notes on some 
Recent Discoveries of Interest in the Geology of the Punjab Salt Range, 
89.—G. H. Kinahan. A Table of the Irish Lower Palxozoic Rocks, with 
their Probable English Hquivalents, 98.—H. J. Johnston-Lavis. The 
Relationship of the Structure of Voleanic Rocks to the Conditions of 
their Formation, 104.—W. J. Sollas. Note on the Artificial Deposition 
cf Crystals of Calcite on Spicules of a Calci-Sponge, 147.—W. J. Sollas. 
A Classification of the Sponges, 148.—W. J. Sollas. The ‘ Cecal 
Processes ” of the Shells of Brachiopods interpreted as Sense-organs, 149. 
-—V. Ball. Zine and Zinc Ores, their Mode of Occurrence, Metallurgy, 
and History, in India; with a Glossary of Oriental and other Titles 
used for Zinc, its Ores, and Alloys, 152.—V. Ball. On the Existing 
Records as to the Discovery of a Diamond in Ireland in the year 1816, 
163.—G. H. Kinahan. Oldhamia, 166.—W. J. Sollas. On a Specimen 
of Slate from Bray Head, traversed by the Structure known as Oldhamia 
radiata, 171.—W. J. Sollas. Supplementary Remarks on the previous 
Paper on Oldhamia, 174.—J. Joly. Ona Peculiarity in the Nature of 
the Impressions of Oldhamia antiqua and O. radiata, 176.—J. P.O’ Reilly. 
On the Antipodal Relations of the New Zealand Earthquake District of 
10th June, 1886, with that of Andalucia of 25 December, 1884, 179.— 
A. B. Wynne. Note on Submerged Peat Mosses and Trees in certain 
Lakes in Connaught, 186.—G. H. Kinahan. Lisbellaw Conglomerate, 
co. Fermanagh and the Chesil Bank, Dorsetshire, 191.-—W. J. Sollas. 
On a Separating Apparatus for use with Heavy Fluids, 194.—W. J. 
Sollas. Ona Modification of Sprengel’s Apparatus for Determining the 
Specific Gravity of Solids, 196. 


East-India Asseciation. Journal. Vol. xx. Nos. 38-5. 1888. 
aes | Vol; xxi. No. 1. 1889. 


Edinburgh. Geological Society. Transactions. Vol. v. Part 4. 
1888. 

J. Melvin. Inaugural Address, 485.—A. Johnstone. On the Macro- 
scopic Determination of Igneous Rocks, 488.—W. Morison. Ona New 
Mineral Tar in Old Red Sandstone, Ross-shire, 500.—W. Pengelly. 
On Recent Researches in Bench Cavern, Brixham, Devon, 507.—W. H. 
Bell. Geognosy of the Cruachan District, 513.—J. Melvin. On the 
Parallel Roads or ‘ Seter” of Norway, 516.—G. Craig. The Culbin 
Sandhills, 524.—EH. W. Claypole. The Eccentricity Theory of Glacial 
Cold versus the Facts, 034. 


Frankfurt am Main. Senckenbergische naturforschende Gesell- 
schaft. Bericht, 1888. 1888. 
F. Kinkelin. Die nutzbaren Gesteine und Mineralien zwischen Taunus 
und Spessart, 135. 
VOL. XLV. L 
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Freiburg i.B. Naturforschende Gesellschaft. Berichte. Band iv. 
Hefte 1-3. 1888-89. 

G. Steinmann. Die Nagelflukh von Alpersbach im Schwarzwalde 

1.—G. Steinmann. Ueber das Alter des Apenninkalkes von Capri, 180. 


Geneva. Société de Physique et d'Histoire Naturelle. Mémoires. 
Tome xaex,,. Partie 1... ,ASse 
Paul Choffat et P. de Loriol. Matériaux pour l’étude stratigraphique 
et paléontologique de la province d’Angola, No. 2. 


Geological Magazine. Dec. ii. Vol. v. Nos. 7-12. 1888. 

A. C. Seward. On Calamites undulatus (Sternb.), 289.—C. Lloyd 
Morgan. Elevation and Subsidence, 291.—T. G. Bonney. Note on the 
Structure of the I¢htham Stone, 297.—C. E. De Rance. Age of the 
Clwydian Caves, 300.—J. V. Elsden. Notes on the Igneous Rocks of the 
Lleyn Promontory, 303.—R. Lydekker. Note on the Classification of the 
Ichthyopterygia, with a Notice of two new Species, 309.—J. W. Davis. 
Note on a Species of Scymnus from the Upper Tertiary Formation of 
New Zealand, 315.—I. C. Russell. The Jordan-Arabah Depression and 
the Dead Sea, 336, 387.—A. C. Seward. Ona Specimen of Cyclopteris, 
Brongniart, 344.—G. M. Dawson. Recent Observations on the Glacia- 
tion of British Columbia and adjacent Regions, 347.—R. Lydekker. 
Notes on the Sauropterygia of the Oxford and Kimeridge Clays, mainly 
based on the Collection of Mr. Leeds at Eyebury, 350.—W. W. Watts. 
Outcrops, 356.—C. A: White. On Hindeastrea, anew Generic Form of 
Cretaceous Astrzidz, 362.—H. Woodward. Ona new Species of Ayer 
from the Lower Lias of Wilmcote, Warwickshire, 385.—A. Smith 
Woodward. Vertebrate Paleontology in some Continental Museums, 
395.—V. Ball. The Volcanoes of Barren Island and Narcondam in the 
Bay of Bengal, 404.—A. Irving. Sections of Bagshot Beds at Finch-— 
ampstead, Berks, 408.—Catherine A. Raisin. On some Rock Specimens 
from Somali Land, 414-—H. Woodward. Note on Eurypterus from the 
Carboniferous, 419.—H. Woodward. On Eryon antzquus, Broderip, sp., 
from the Lower Lias, Lyme Regis, Dorset, 432.—C. Reid and H. N, 
Ridley. Fossil Arctic Plants from the Lacustrine Deposit at Hoxne, in 
Suffolk, 441.—H. J. Johnston-Lavis. Further Observations on the Form 
of Vesuvius and Monte Somma, 445.—R. Lydekker. British Museum 
Catalogue of Fossil Reptilia and Papers on the Enaliosaurians, 451.—T. 
Rupert Jones and H. Woodward. An undescribed Carboniferous Fossil, 
453,—A. Harker. Additional Note on the Blue Hornblende of Mynydd 
Mawr, 455.—-W. B. Dawkins. Address to the Geological Section of the 
British Association, Bath, 1888, 459.—H.B. Woodward. The Relations 
of the Great Oolite to the Forest Marble and Fuller’s Earth in the South- 
west of England, 467.—H. B. Woodward. Note on the Portland Sands of 
Swindon and elsewhere, 469. —H. B. Woodward. Further Note on the 
Midford Sands, 470—A. Smith Woodward. On Bucklandium diluvit, 
K@6nig, a Siluroid Fish from the London Clay of Sheppey, 471.—A. Smith 
Woodward. A Comparison of the Cretaceous Fish-fauna of Mount 
Lebanon with that of the English Chalk, 471.—O. H. Howarth. On the 
Recent Volcanic Structure of the Azorean Archipelago, 472.—T. Anderson. 
The Velcanoes of the Two Sicilies, 473.—H. B. Brady. Note on some 
Silusiai Lagene, 481.—C. Lapworth. On the Discovery of the Olenellus 
Fauna in the Cambrian Rocks of Britain, 484.—A. H. Foord. Note on 
the Genus Actinoceras, with particular reference to Specimens in the 
British Museum, showing the Perforated Apex of the Siphuncle, 487.— 
W. J. McGee. Some Detinitions in Dynamical Geology, 489.—A. Smith 
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Woodward. On the Cretaceous Selachian Genus Synechodus, 496.—A. 
Smith Woodward. Note on the Occurrence of a Species of Onychodus 
in the Lower Old Red Sandstone, 500.—E. Hull. Note on Mr. I. C. 
Russell’s Paper on the Jordan-Arabah and the Dead Sea, 502.—C. A. 
Raisin. On some Rock-specimens from Socotra, 504.—R. H. Traquair. 
Notes on the Nomenclature of the Fishes of the Old Red Sandstone of 
Great Britain, 507.—A. V. Jennings. Note on the Orbitoidal Limestone 
of North Borneo, 528.—G. Lindstrom. On the Genus Ascoceras, 
Barrande, 532.—T. Rupert Jones. Ostracoda from the Weald» Clay of 
the Isle of Wight,'584.—T. G. Bonney. The Structure of Alpine Passes 
and Peaks, 540.—A. Somervail. Ona remarkable Dyke in the Serpen- 
tine of the Lizard, 553.—P. F. Kendall. Preliminary Notes on some 
Occurrences of Tachylyte in Mull, 555.—C. Callaway. Notes on the 
“ Monian System” of Professor Blake, 560.—H. J. Johnston-Lavis. 
Note on the Occurrence of Leucite at Etna, 564.—W. W. Watts. An 
Igneous Succession in Shropshire, 564.—EH. Wethered. On the Lower 
Carboniferous Rocks of Gloucestershire, 565. 


Geological Magazine. Dec.iii. Vol.v. Nos. 7-12. 1888. Pur- 
chased. 


——. Dec.ii. Vol. vi. Nos. 1-6. 1889. 

R. H. Traquair. Homosteus, Asmuss, compared with Coccosteus, 
Agassiz, 1.—T. McKenny Hughes. Note on the Lower Cambrian of 
Bethesda, North Wales, 8.—A. Harker. Notes on the Physics of Meta- 
morphism, 15.—C. Lapworth. On the Ballantrae Rocks of South Scot- 
land and their place in the Upland Sequence, 20, 59.—J. W. Gregory. 
On a new Species of the Genus Protaster (P. brisingoides) from the Upper 
Silurian of Victoria, Australia, 24—R.H. Traquair. Note on the Genera 
Tristychius and Ptychacanthus, Agassiz, 27.—G. F. Whidborne. On 
some Devonian Crustacea, 28.—G. F. Whidborne. On some Devonian 
Cephalopods and Gasteropods, 29.—C. Ricketts. On some Physical 
Changes in the Earth’s Crust, 49, 115, 165.—W. M. Hutchings. Notes 
on Altered Igneous Rocks of Tintagel, North Cornwall, 53, 101.—A. Har- 
ker. On Local Thickening of Dykes and Beds by Folding, 69.—F. H. 
Hatch. On the Occurrence of Soda-Felsites (Keratophyres) in Co. 
Wicklow, Ireland, 70.—P. G. Sanford. An Analysis of the Kentish 
Rag, 73.—H. J. Johnston-Lavis. On a remarkable Sodalite Trachyte 
lately discovered in Naples, Italy, 74.—A. De Gregorio. Note on Pleu- 
rotoma turbida, Solander, and P. ‘colon, Sow., 78.—G. F. Whidborne. 
On some Fossils of the Limestones of South Devon, 78.—R. H. Traquair. 
On anew Species of Dipterus, 97.—O. C. Marsh. Restoration of Bron- 
tops robustus from the Miocene of America, 99.—T. G. Bonney. On the 
Occurrence of a Variety of Picrite (Scyelite) in Sark, 109.—J. Prestwich. 
On the Recent Discovery of the Remains of the Mammoth in the Valley 
of the Darent, 1138.—A. Somervail. On a Breccia and an Altered Horn- 
blende-schist at Housel Cove, Lizard, 114——R.Lydekker. Ona Cceluroid 
Dinosaur from the Wealden, 119.—A.H. Foord. Note onthe Deciduous 
Septa of Ascoceras Murchisoni, Barrande, 121.—E. T. Newton. Some 
Additions to the Vertebrate Fauna of the Norfolk “ Preglacial Forest 
Bed,” with Description of a new Species of Deer ( Cervus rectus), 145. 
J. E. Marr. On the Superimposed Drainage of the English Lake Dis- 
trict, 150.—W. Upham. The Work of Prof. Henry Carvill Lewis in 
Glacial Geology, 155.—-J. 8. Hyland. On Soda-Microcline from Kili- 
mandscharo, 160.—G. Baur. Mr. E. T. Newton on Pterosauria, 171.— 
J. Carter. On Fossil Isopods, with a Description of a new Species, 193.-— 
E. Wethered. On the Microscopic Structure of the Jurassic Pisolite, 
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196.—S. S. Buckman. On Jurassic Ammonites, 200.—O. C. Marsh. 
Comparison of the Principal Forms of Dinosauria of Europe and Ame- 
rica, 204.—G. F. Matthew. Second Note on Stenotheca, 210.—R. Chal- 
mers. Glaciation of Eastern Canada, 211—W. M. Hutchings. On the 
Occurrence of Ottrelite in the Phyllites of North Cornwall, 214.—C. 
Davison. On the Secular Straining of the Earth, 220.—R. M. Deeley. 
An Exposure of Middle and Newer Pleistocene Boulder Clay in Derby, 
224,—J. C. Mansel-Pleydell. Ona new Specimen of istionotus angu- 
laris, Egerton, 241.—J. W. Judd. On Statical and Dynamical Meta- 
morphism, 243.—Marshall Hall. A Week’s Geological Excursion in the 
Swiss Alps, 250.—C. Davison. On the Creeping of the Soilcap through 
the Action of Frost, 255.—F. H. Hatch. Notes on the Wicklow Green- 
stones, 261.—C. A. Raisin. Devonian Greenstones and Chlorite Schists 
of South Devon, 265.—T. Rupert Jones and J. W. Kirkby. On some 
Ostracoda from the Mabou Coalfield, Inverness Co., Cape Breton (Nova 
Scotia), 269.—H. Woodward. On the Discovery of Ywrrilepas in the 
Utica Formation (Ordovician) of Ottawa, Canada, 271.—-O. Fisher. 
Remarks on Mr. Davison’s Paper on Secular Straining of the Earth, 275. 


Geological Record for 1880-84 (inclusive). Edited by W. Topley 
and C. D. Sherborn. Vol. i. Stratigraphical and Descriptive 
Geology. 1888. Four copies. Purchased. 


Geologists’ Association. Proceedings. Vol. x. Nos.8&9. 1888. 
J. L. Lobley. On Paleeozoic Arcide, 385.—E. T. Newton. Notes on 
Pterodactyls, 406.—J. G. Goodchild. Some Observations upon the 
Natural History of Gypsum, 425.—A. C. G. Cameron. The Clays of 
Bedfordshire, 446.—B. B. Woodward. Note on the Pleistocene Land 
and Freshwater Mollusca from the Barnwell Gravels, 355.—J. A. Brown. 
On the Discovery of Elephas primigenius associated with Flint Imple- 
ments at Southall, 361—F. J. Bennett. Influence of Geology on the 
Early Settlements and Roads, 372. | 


: oo POL st. Nias sla LSS. ; 
J. Logan Lobley. On the Causes of Volcanic Action, 1—H. W. 
Monckton and R.S. Herries. On some Bagshot Pebble-beds and Pebble- 


gravel, 13—A. Smith Woodward. On the Paleontology of Sturgeons, 
24, 


Giessen. Oberhessische Gesellschaft fur Natur- und Heilkunde. 
26 Bericht. 1889. 
Buchner. Ueber Nephrit, 102. 


Glasgow Geological Society. Transactions. Vol. vii. Part 2. 
1886-87, 1887-88. 1888. 

R. Craig. On the Postpliocene Beds of the Irvine Valley, Kilmaurs 
and Dreghorn Districts, 213—J. Young and D.C. Glen. Notes on a 
Section of Carboniferous Strata, containing Erect Stems of Fossil Trees 
and Beds of Intrusive Dolerite, in the Old Whinstone Quarry, Victoria 
Park, Lower Balshagray, near Whiteinch and Partick, 227.—R. Kidston. 
Note on the Nature of the Fossil Trees found at Whiteinch, 235.—-D. 
Bell. On the Glacial Phenomena of Scotland, with reference to the 
Reports of the Boulder Committee of the Royal Society of Edinburgh, 
237.—D. Bell. On some Boulders near Arden, Loch Lomond, 254, 341. 
—T. Scott. Some Notes on the Geology of the District about Tarbert, 
Loch Fyne, 262.—T. Scott. Some Notes on a Bed of Shell-bearing Clay 
at Roxburgh Street, Greenock, 267.—J. S. McLennan. Notes on the 
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Jordanhill Coalfield, 271—G. G. Henderson. Note on the Composition 
of a Carbonaceous Sandstone, 276.—J. Young. Quartz as a Rock- 
forming Mineral, 278.—W. Burns. Notes on the Heads of Ayr, 287.— 
J. Young. Notes on the Scottish Carboniferous Genera of the Molluscan 
Family Anatinide, 291.—J. Bennie. ‘The Redemption of Sandstone 
Quarries, 298.—R. Dunlop. Canon Fowler and C. Reid. Notes on a 
Section of Boulder Clay containing a Bed of Peat, 312.—J. R. S. Hun- 
ter. Ancient Coal Workings in the Ell Coal, Glencleland, Wishaw, 315. 
—J. Anderson. Glaciation and Raised Beaches in Jura and Islay, 316. 
—Sir William Thomson. Polar Ice-caps and their Influence in changing 
Sea-levels, 322. 


Glasgow. Mitchell Library. Report for 1888. 1889. 


Gloucester. Cotteswold Naturalists’ Field Club. Proceedings 
for 1887-88. Vol.ix. Part 3. 1888. 
F. Smith. On the Behaviour of Granites when exposed to High Tem- 
poate, 229.—W. C. Lucy. Notes on the Jurassic Rocks at Crickley 
ill, 288.—R. F. Tomes. Notes on an amended list of Madreporaria of 
Crickley Hill, a Supplement to W. C. Lucy’s Paper, 301. 


—. ——. See Booxs, Lucy, W. C. 


Granville. Denison University. Bulletin of the Scientific Labo- 
ravomes. . Vol. in, Part I. 1888: 

A. F. Foerste. The Clinton Group of Ohio, Part TV. Chemical and 
Stratigraphical Geology and Geographical Paleontology, 3.—C. L. Her- 
rick. The Geology of Licking Co., Ohio, Parts IIL and IV. The Sub- 
carboniferous and Waverly Groups, 15.—A. F. Foerste. Notes on 
Paleozoic Fossils, 117. 


Gratz. Naturwissenschaftliche Verein fur Steiermark. Mittheil- 
ungen. Jahrgang 1886. 1887. 
A. F. Reibenschuh. Chemische Untersuchung neue Mineralquellen 
Steiermarks, 87. 


2 Jahrgang 1887. 1888. 

R. Hérnes. Ein Beitrag zur Kenntniss der siidsteirischen Kohlen- . 
Bildungen, 35.—-I’. Frech. Ueber die Altersstellung des Grazer Devon, 
47.—K. Hatle. Neue Beitrage zur mineralogischen Kenntniss der Steier- 
mark, 150. 


Halifax. Yorkshire Geological and Polytechnic Society. Pro- 
cecamnesss Nes. Volt xi,” Part ta) 1sso: 

C. EH. De Rance. Notes on the Vale of Clwyd Caves, 1.—G. R. Vine. 
Notes on the Classification of the Paleozoic Polyzoa, 20.—W. J. EH. 
Binnie. The Mesozoic Rocks of the North-east coast of Ireland, 53.—G. 
R. Vine. A Monograph of Yorkshire Carboniferous and Permian Polyzoa, 
Part 1, 68.—E. Jones. On the Recent Exploration of a Cave at Elbolton, 
near Thorpe, 86.—J. Spencer. On the Occurrence of a Boulder of Grani- 
toid Gneiss, or Gneissoid Granite, in the Halifax Hard Bed Coal, 96.— 
J. W. Davis. Summary of Geological Literature relating to Yorkshire 
published during 1888, 128. 


Halifax, N.S. Nova Scotian Institute of Natural Science. Pro- 
ceedings and Transactions. Voi. vii. Part 2. 1887-88. 
1888. 

D. Honeyman. Glacial Geology of Nova Scotia, 73.—D. Honeyman, 


108 ADDITIONS TO THE LIBRARY. 


Carboniferous Flora with attached Spzrorbes, 93.—E. Gilpin. The Car- 
boniferous of Cape Breton, 100.— D. Honeyman. Our Museum 
Meteorites, ete., 120.—D. Honeyman. Nova Scotian Superficial Geology, 
Systematized and Illustrated, 151. 


Halle. Academia Czsareo-Leopoldina Nature Curiosorum. Nova 
Acta. \) Momus xlex.  Lesie 


ee MS Le 


: . Tomus li. 1887. 

J.G. Bornemann. Die Versteinerungen des Cambrischen Schichten- 
systems der Insel Sardinien nebst vergleichenden Untersuchungen iiber 
analoge Vorkommunisse aus andern Lindeyrn, 1. 


—. ——. ——. Bandli. 1888. 


Biographische Mittheilungen und Nekrologe 1881-— 
Of vAtOny SSS: 


——. -——. Katalog der Bibliothek. Lief.1. S8vo. 1887. 


—-. Zeitschrift tir Naturwissenschaften. Bandlx. Hefte 3-6. 
SSie 

P. Borkert. Beitrage zur Kenntniss der diluvialen Sedimentarge- 
schiebe in der Gegend von Halle a. 5., 278.—O. Lang. Nachtrag zur 
Abhandlungen iiber die Alaunschieferscholle von Bakkelaget bei Chris- 
tiania, 426.—O. Ludecke. Datolith von Tarifville, U. S., 471.—H. 
Schulze. Ueber die Flora der subhercynischen Kreide, 440.—D. y. 
Schlechtendal. Physopoden aus dem Braunkohlengebirge von Rott am 
Siebengebirge, 551. 


: Band lxi. Hefte 1-4. 1888. 

EK. Zache. Ueber Anzahl und Verlauf der Geschieberticken im Kreise 
Konigsberg i. Nm., 39.—K. von Fritsch. Das Saalthal zwischen Wettin 
und Connern, 114.—O. Herschenz. Untersuchungen uber Harzer Baryte, 


* 145.—O. Ludecke. Ueber Datolith, 235. 


Harlem. Société Hollandaise des Sciences. Archives Néer- 
landaises. Tome xxii. livr.4 eto. 1888. 


a oni sexy ievir, il, iLels\s - 


Havre. Société Géologique de Normandie. Bulletin. Tome xi. 
Année 1885. 1886. 

G. Hughes. Note sur quelques Phosphates des Indes Occidentales 
(traduit de l’anglais, par G. Lionnet), 5.—G. Lionnet. Contributions a 
’étude des roches erratiques du terrain crétacé inférieur de la Héve, 16, 
—G. Lennier. Notes pour servir 2 1’étude de la Paléontologie Normande, 
21.—J. Skodzki. Note sur le Fuller’s Earth Rock de Port-en-Bessin, 
32.—J.Skodzki. Un nouvel affleurement de l’étage Kimméridgien dans le 
Calvados, 43.—P. Bizet. Excursion de la Société Linnéenne de Nor- 
mandie a Vimoutiers, 45.—P. Bizet. Apercu général sur les terrains 
sédimentaires représentés dans l’Est du département de l’Orne, 58.—P, 
Bizet. Note explicative sur le profil gécologique a travers le Perche- 
Ornais, suivant V’ancieane grande route du Mans a Paris, 79. 
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Helsingfors. Meddelanden fran Industristyrelsen i Finland. Hiftet 
4. 1887. Presented by Bergm. K. A. Mobery. 

K. A. Moberg. N figra geognostiska iakttagelser gjorda langs Simola- 
Villmanstr A. Mobere. Beriittelse om fort- 
gangen af F ends ceologiska undersdkning ar 1886, 18.—A. F. Tiger- 
stedt. Beskrifning éfver en pa Bergsstyrelsens férordnande anstiild resa 
lanes jernvagslinien fran Ostermyra station till Gamla Karleby, 28.—J. 
Sederholm. Om de lisa bildningarna vid bandelen Gamla Karleby- 
Uleaborg, 35.—B. Roos. Berattelse ofver malmletningar utforda 4 1884, 
AGH, Rosengren. Berattelse ofver malmletningarna Sydostra iftkallenna 
sommaren 1885, 59. ai Ve Remmler. Berattelse om malmletning arna inom 
Vederlaks-, Sakkjarvi-, Viborgs- och St. Johannes-socknar verkstilda Sr 
1886, 70.—H. Gylling. Om seologien for de gamla silfvermalms-skarp- 
ningarna vid Forsby ff Perna, 78.—K. A. Moberg. Forslag till arbetsfalt 
och arbetsplan for Finlands geologiska undersokning under ar 1887, 90. 


Hermannstadt. Siebenbiirgische Verein fiir Naturwissenschaften. 
Verhandlungen. Jahrgang 38. 1888. 


Hertford. Hertfordshire Natural-History Society and Field Club. 
Transactions. Vol.iv. Parts8 &9. 1888. 


3 . Vol.v. Paris 1-4. 1888. 

H. G. Fordham. A Record of Water-level in a deep Chalk Well at 
Barley, Herts, 20.—H. G. Fordham. On the Meteorite of the 20th 
of November, 1887, 33. 


—_——— 
° 


Hobart. Royal Society of Tasmania. Papers and Proceedings for 
beo7e 1S8s: 

T. Stephens. On the Geology of the Scottsdale Line, 48.—R. M. 
Johnston. On the Lower Coal-measures of Port Cygnet, 67.—R. M. 
Johnston. Notes on the Fingal Basin from the Operations of a Trial 
Bore, 70.—J. Andrew. Diamond Digging in South Africa, 98.—T. 
Stephens. On the Geological Conditions of the Site of the new Storage 
Reservoir near Hobart, 107. —R.M. Johnston. Observations with respect 
to the nature and sleaet diesem of the Rocks of the Tertiary Period, more 
particularly relating to Tasmania, 155. 


Institution of Civil Engineers. Minutes of Proceedings. Vol. xciii, 
1887-88. Part iui. 1888. 


Nolexcive Sse: 
W. Gallon. Varieties of Clay and their distinguishing qualities for 
making good Puddle, 231. 


ae Nolixev, 1889. 


. Brief Subject-Index. Vols. lix.—xciv. Sessions 1879~— 
80 to 1887-88. 8vo. 1888. 


Tron and Steel Trades Journal. Nos. 1516-1542. 1888. 
eee Nos t3lb66s Seo: 


Kieff Society of Naturalists. Memoirs. Tome ix. Livr. 1 & 2. 
1888. (In Russian.) 
P. Toutkowski. Foraminifera of the Tertiary and Cretaceous Deposits 


——.,. 
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of Kieff, 1.-—A. Karitzki. Some Remarks on the Configuration of the 
Mesozcic Strata of the Right Bank of the Dniepr in the Government 
of Kieff, 381. 


Kieff. Société des Naturalistes de Kiew. Mémoires. Tome x. 
ivr. Lo t3e9, 


Kiel. Mineralogische Institut der Universitit Kiel. Mittheilungen. 
Bandi. Heft 1. 1888. Purchased. 

H. Haas. Ueber die Stauchungserscheinungen im Tertiaér und Dilu- 
vium in der Umgebung von Itzehoe und iiber deren Beziehungen zur 
Kreideablagerung von Lagerdorf-Schinkel, 1—H. Haas. Studien tiber 
die Entstehung der Fobrden (Buchten) an der Ostkuste Schleswig-Hol- 
steins, sowle der Seen und das Flussnetzes dieses Landes, 13.—E. Dan- 
zig. Ueber die eruptive Natur gewisser Gneisse sowie des Granulits im 
sachsischen Mittelgebirge, 33.—O. Zeise. Ueber eine praglaciale marine 
Ablagerung bei Burg in Ditmarschen, 79.—H. Haas. Ueber Podocrates 
und Homarus aus dem Mitteloligocan von Itzehoe, 88. 


Kingston, Canada. Queen’s College and University. Calendar 
for the Year 1838-89. 


===, ==, (Calendar for the. Year 1689-9024 1633) 


Lausanne. Musée dHistowre Naturelle. Rapports Annuels des 
Conservateurs. 1888. 


——- Societé Géologique Suisse. Recueil Périodique. 1888. 
Noto. 1839), 

E. Renevier. Congrés International de Londres, 227.—Compte rendu 

de la réunion de Soleure, 251.—L. Rollier. Excursion dans le Jura, 267. 


i : IS89. Nor 4.2 SSO: 
E. Favre et H. Schardt. Revue Géologique Suisse pour l’année 1888, 
291. 


——. Société Vaudoise des Sciences Naturelles. Bulletin. Sér. 3. 
Molexextin. INO! O¢,-) loca. 


M. Lugeon. Notice sur la molasse de la Borde, 173. 


———, per.d.  Wol. xxive No. 98. “ieeq: 


—— 
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Leeds. Geological Association. Transactions. Part 4+. 1888, 
1889. 

J. E. Bedford. Notes on the Isle of Man, 177.—G. W. Lamplugh. 
The Yellowstone Geysers, 179.—B. Holgate. On the Magnesian Lime- 
stones of Yorkshire, 182.—A. H. Green. On Glassy Lavas and Devitri- 
fication, 186.—J. E. Bedford. The Oil Fields of America and Russia, 
187.—W. Cheetham. From the Millstone Grits to the Silurians, 194.— 
B. Holgate. Notes on the Lake District, 204—S. A. Adamson. Reports 
of Field Excursions, 207. 


———. Philosophical and Literary Society. Annual Report for 
1887-88. 


Leicester. Literary and Philosophical Society. Transactions. New 
Quarterly Series. Parts 8-10. 1888-89. 
M. Browne. Evidences of the Antiquity of Man in Leicestershire, 7. 
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Leipzig. Zeitschrift fiir Krystallographie und Mineralogie. Band 
xiv. Hefte 4-6. 1888. Purchased. 

E. Weinschenk. Ueber die Umwandlung des Quarzes in Speckstein, 
305.—A. Cathrein. Ueber Calciostrontianit (Emmonit) von Brixlegg, 
366.—J. Beckenkamp. Die Mineralien der Aragonitgruppe, 375.—L. 
Sohncke. Bemerkungen zu Herrn Wulff’s Theorie der Krystallstructur, 
417.—L. Sohneke.  Erw eiterung der Theorie der Krystallstructure, 426. 


—C. Diising. Das Ikositetraeder : 112¢ als herrschende Form beim Pyrits 


479.—C. Dusing. Ueber Baryte ver mcnieg nee Fundorte, 481.—H. 
Traube. Zinnober und Calomel vom Berge Avala bei Belgrad in Serbien, 
562.—A. Schmidt. Mineralogische Mittheilungen, 572. 


Band xv. Hefte 1-5. 1i388-89. Purchased. 

G. Linck. Beitrag zur Kenntniss der Sulfate von Tierra Amarilla bei 
Copiapo in Chile, ] —-H. A. Miers und G. T. Prior. Beitrage zur [Kennt- 
niss des Pyrargyrit und Proustit, 129.—C. Vrba. Mineralogische Noti- 
zen, 194.—Ii. 8. Dana und H. L. Wells. Beryllonit, ein neues Beryl- 
liumphosphat, mati L. Wells. Sperrylith, ein neues Mineral, 285. 
—S. L. Penfield. Die Krystallform des Sperrylith, 290.—R. Scharizer. 
Ueber die chemische Constitution und uber die Farbe der Turinaline von 
Schittenhofen, 337.—L. Wulff. Beitrage zur Krystallstructurtheorie, 
366.—F. I’. Graeff. Die Mineralien der Drusenriume in dem Buntsand- 
stein von Waldshut, Baden, 376.—E. Weinschenk. Ueber eine Beryll- 
pseudomorphose, 408.—H. Traube. Zinkhaltiger Aragonit von Tarno- 
witz in Oberschlesien, 4]0.—C. Vrba. Mineralogische Notizen, 449.— 
W. Vernadsky. Kin "Beitrag zur Kenntniss des hexagonalen Krystall- 
systems, 473.—C. Hintze. Ueber Topas aus Sudwest Afrika, 504. 


Leyden. Geologische Reichsmuseums. Sammlungen. No. 16. 
Band iv. Heft 3. 1888. Purchased. 
K. Martin. Kin Ichthyosaurus von Ceram: Neue Wirbeltthierreste 
yom Pali-Ajam auf Java, 170. 


. No. 17. Band iv. Heft 4, and Band v. Heft 
ft. 1888. Purchased. 
K. Martin. Ueber das Vorkommen einer Rudistenftihrenden Kreide- 
formation im suddstlichen Borneo (Bd. iv.), 117.—L. Crié. Recherches 
sur la flore pliocéne de Java (Bd. v.), 1 


— ase 
° 


Liége. Société Géologique de Belgique. Annales. Tome xii. 
Livr. 1 & 2. 1887 and 1888. 


Bulletin. 


G. Dewalque. Compte-rendu de la session extraordinaire a Spa, tenue 
les 30 et 31 aott et 1 septembre, 1885, 29.—J. Lorié. Sur la distribution 
des cailloux de granite, etc., dans le nord de la Belgique et le sud des 
Pays-Bas, xxvii.—P. Cogels et O. Van Ertborn. Des couches d’argile 
du nord de la Campine anversoise, xxxii—M. Lohest. De Tage de cer- 
tains dépots de sable et d’argile plastique des environs d’Esneux, xli.— E. 
Delvaux. Sur l’exhumation du grand erratique d’Oudenbosch et sa 
translation au collége de cette commune, xliv.—G. Cesaro. Quartz 
bipyramidé, trouvé dans le calcaire hydraulique de Rhisnes, li.—E. Van 
den Broeck. Note sur la non-présence de l’éocéne wemmelien dans le 
territoire de la feuille d’Heyst-op-den-Berg, litiimA. Rutot. Note sur 
un nouveau forage effectué 4 Straeten sur le territoire de la feuille de St. 
Trond, lvii—M. De Puydt et M. Lohest. Sur le limon fossilifére du Laven 
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(Liége), lix—A. Rutot. Sur une question concernant l’hydrographie 
des environs de Bruxelles, lxxiv.—O. Van Ertborn. Sur le forage de 
Mielen, Ixxxviii—O. Van Ertborn. Réponse a la note de M. A. Rutot 
sur une question concernant l’hydrographie des environs de Bruxelles, 
Ixxxix.—H. Van den Broeck. Réponse a la note de MM. Cogels et Van 
Ertborn au sujet de ma communication sur l’absence de Wemmelien dans 
le territoire de la feuille d’Heyst-op-den-Berg, xcix.—A. Rutot. Note 
sur le sous-sol des villes de Grammont et de Ninove, cii.—P. Cogels et 
O. Van Ertborn. Du niveau'occupé par le crétacé sur le territoire de la 
feuille de Bilsen, exiiiimEK. Van den Broeck. De la valeur des données 
utilisées par MM. Cogels et Van Ertborn pour critiquer les coupes dia- 
erammatiques du service de la carte géologique, exvii.—O. Van Ertborn. 
Deuxiéme note au sujet du forage des Glaciéres de Bruxelles, exxv.—lh. 
Moreels. Quelques mots sur l’atelier et la station de Ste. Geertruid et sur 
la période néolithique dans nos contrées, cxxx.—F’. L. Cornet. Sur 
lépoque de Venrichissement du phosphate de chaux aux environs de 
Mons, exxxv.—F’. L. Cornet. Sur lage du tufeau de Ciply, exxxy.—O. 
Van Ertborn: Du niveau d’écoulement et du niveau hydrostatique des 
puits artésiens, cxxxviimO. Van Ertborn. Ligne médiane de la plan- 
chette de Cortessem, exxxix.—A. Cocheteux. Sur des échantillons de 
soufre provenant de la houillére du Perron (Ongrée), cxl—A. Rutot. 
Sur le forage de Mielen, cxli.—O. Van Ertborn. Cote de V’orifice du puits 
des Glaciéres de Bruxelles, cxlvi—O. Van Ertborn. Sur le forage de 
Mielen, cxlvii—O. Van Ertborn. Sur le sondage d’Alost, exlyvi.—bL. 
Piedbceuf. Communication des fossiles suivants: 1°, Débris de lignite; 
2°, Concrétions cristallines pyriteuses, rapportées 4 des algues, exlvii.— 
L. Piedbceuf. A propos des fossiles d’Oelheim, cliimA. Rutot. Le puits 
artésien des glaciéres de Saint-Gilles, clii.—F. L. Cornet. Les gisements 
de phosphate de chaux de la craie de Maisiéres, elx.—G. Dewalque. Ob- 
servations de la déclinaison par M. T. Moureaux, clxiv.—A. Rutot. Sur 
le sondage d’Alost, clxy.—A. Cocheteux. Des diverses théories émises 
sur le mode de formation de la houille et d’une conclusion que l’on peut 
en tirer, clxix.—L. Piedbeeuf. Fossiles dévoniens, clxxv.—h. Piedbeeuf. 
La vapeur d’eau et l’activité voleanique, c]xxvil. 
Mémovres. 

A. Rutot et E. Van den Broeck. Sur‘l’age tertiaire de la masse prin- 
cipale du tufeau de Ciply, 83—G. Cesaro. Description de trois cristaux 
de calcite présentant les combinaisons e3b!—e’e'ezesd°e*p—e?bi, 14.—G. 
Cesaro. Mémoire sur la reproduction de quelques phosphates de fer 
naturels par l’action de oxygéne de lair sur une solution ferreuse acide, 
21.—M. de Puydt et M. Lohest. Exploration de la grotte de Spy, 34.— 
E. Delvaux. Sur l’existence d’un limon quaternaire supérieur aux dépdts 
caillouteux a Elephas primigenius et inférieur a l’ergeron, reconnu en 1878 
dans les environs d’Overiaer, prés de Tirlement, 40.—H. Delvaux. Les 
puits artésiens de la Flandre, 48, 65.—A. Rutot et E. Van den Broeck. 
Etude sur le massif crétacé du sud de la vallée de la Méhaigne, 71.—A. 
Rutot et EK. Van den Broeck. Résultats de nouvelles recherches rela- 
tives a la fixation de lage de la masse principale du tufeau de Ciply, 94. 
—A. Rutot et E. Vanden Broeck. Sur les relations stratigraphiques du 
tufeau de Ciply avec le calcaire de Cuesmes a grands Cérithes, 99.—A. 
Rutot. La tranchée de Hainin, 126.—A. Rutot et E. Van den Broeck. 
Constitution géologique du territoire situé le long de la rive nord de la 
Méhaigne, 133.—. Denys. Note sur la présence du phosphate de chaux 
dans la craie d’Obourg, 155.—E. Delvaux. Sur les derniers fragments de 
blocs erratiques recueillis dans la Flandre Occidentale et dans le nord de 
la Belgique, 158.—J. Faly. Etude sur le terrain carbonifére: Le poudin- 
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gue houiller, 183.—A. Rutot et E. Van den Broeck. Le géologie de 
Mesvin-Ciply, 197.—R. Storms. Note sur un nouveau genre de poissons 
fossiles de l’argile rupelienne, 261.—A. Rutot. Sur la présence de sédi- 
ments fluviaux infrasenoniens sous Bruxelles et sous Denderleeuw, 267.— 
A, Rutot. Documents nouveaux concernant les alluvions modernes et 
quaternaires sous ’agglomération bruxelloise, 280.—O. Van EHrtborn et 
P. Cogels. Les puits artésiens de la station de Denderleeuw et de la 
filature de MM. Van de Smissen, & Alost, 296.—O. Van Ertborn et P. 
Cogels. De l’allure des systémes crétacé et silurien et de la puissance de 
la formation crétacée a Louvain, 4 Bruxelles et dans quelques autres 
localités du pays, 8304.—A, Ratot et EH. Van den Broeck. La géologie 
des territoires de Spiennes, Saint-Symphorien, et Hayré, 306.—A. Rutot. 
Les puits artésiens de la rézion de Tirlemont, 356.—A. Rutot. Resultats 
de l’éxploration géologique de la région comprise entre Thielt, Roulers, et 
Thouront, 354.—H. Van den Broeck. Sur la constitution géologique des 
dépots tertiaires, quaternaires et modernes de la région de Lierre, 376. 


Bibliographie. 
Is. Kupfterschlaeger. Silex renfermant de Veau liquide, 3.—G. De- 
walque. Sur une faune paléocéne de Copenhague par A. von Konen, 5. 


Liege. Socicté Géolegique de Belgique. Annales. Tome xiv. 
3 Rivas LSSs. 


Bulletin. 


J. Faly. Note sur un erés altéré du terrain houiiler inférieur, xcix.— 
A. Jorissen. Sur la présence du mercure dans la blende, ci.—L. L. de 
Konineck. Analyses d’Ichthyodorulithes du calcaire carbonifére, exi1.— 
G. Dewalque. Un nouveau dosage du fer des eaux minérales de Spa, 
exxiv.—G. Dewalque. Sur lorthographe du nom Drezssensia, exxv.—J. 
Moreels. Nouvelles stations néolithiques en Belgique, cxxix.—G. Cesaro. 
_L’Albite de Challes, cxxxvyi.—G. Cesaro. Note sur quelques minéraux, 
exii.—C. Malaise. Observations sur quelques couches inférieurs au cal- 
caire de Givet 4 Remouchamps, cxliv.—M. Lohest. De lage d’un crane 
humain, trouvé a Dieupart, cliii—A. Firket. Alluvions modernes de la 
vallée de la Meuse, a Liége, clxxiv.—C. Malaise. Observations sur quel- 
ques Graptolithes de la bande silurienne de Sambre-et-Meuse, clxxxi1i.— 
C. Malaise. Sur quelques gisements de Receptacuhtes Neptun, clxxxiv. 


Mémoires. 


F.-L. Cornet. Les gisements de phosphate de Chaux du département 
de la Somme, 2.—G. Cesaro. La barytine de Rumelange, 10.—H. Forir. 
Contributions a l’étude du systéme crétacé de la Belgique, 25, 154.—EH. 
Delvaux. Documents stratigraphiques et paléontologiques pour l'étude 
monographique de l’étage Ypresien, 57.—X. Stainier. Note sur un Trilo- 
bite nouveau et sur les Pentamerus des Calcaires d’Humerée, 75.—X. 
Stainier. Cceloma rupeliense, Brachyure nouveau de |’Argile Rupelienne, 
86.—E. Delvaux. Les anciens dépdts de transport de la Meuse, apparte- 
nant a lassise Moséenne observés dans les ballastiéres de Gelieren, prés 
Genck, en Campine, 97.-E. Delvaux. Description sommaire des blocs 
colossaux de grés blanc cristallin, provenant de l’étage landenien supé- 
rieur, dont la rencontre a été signalée par lauteur, dés 1867, en différents 
poits de la Campine limbourgeoise, 117.—W. Spring. Determination 
du Carbone et de l’Hydrogéne dans les schistes houillers, 181.—A. Firket. 
Minéraux Artiticiels Pyrogénés: Fayalite, 197—C. Ubaghs. D’ou 
viennent les silex des ateliers dits préhistoriques de Ste. Gertrude et de 
Ryckholt ?, 204. 
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Liége. Société Géologique de Beigique. Annales. Tome xv. 
1888. 


Bulletin. 


L. Bayet. Compte-rendu de la session extraordinaire annuelle, tenue 
dans l’Eintre-Sambre-et-Meuse du 17 au 19 septembre 1887, 29.—G. 
Cesaro. L’Anatase de Nil-St.-Vincent, xxxv.—G. Dewalque. Quelques 
dosages du fer des eaux de Spa, xxxvi.—€. Malaise. Les schistes silu- 
riens de Huy et leur signification géologique, xxxix.—C. Malaise. Reven- 
dication de la priorité de la découverte de l’age crétacé des grés de Seron, 
lii.—-M. Lohest et J. Braconier. Exploration du Trou de l’Abime, a 
Couvin, lxii—C. Malaise. Sur les schistes noirs de Sart-Bernard, prés 
Naninne, lxxiv.—C. Malaise. Sur la présence du Dictyonema sociale a 
La Gleize, Ixxvii—G. Dewalque. Encore quelques mots sur Dreissensia, 
Ixxvi.—E. Delvaux. Note sur quelques crustacés nouveaux recueillis par 
nous, 7 setu, dans l’argile Ypresienne, Ixxvii.—P. Destinez. Sur quelques 
fossiles marins de l’étage houiller des environs de Liége, Ixxxv.—L. 
Piedboeuf. Sur quelques fossiles dévoniens des environs de Dusseldorf, 
Ixxxvi—L. Piedbceuf. Concrétions dolomitiques de l’étage houiller a 
Aviculopecten du bassin houiller de la Westphalie, lxxxviiiL. Piedboeuf. 
Découverte dun Ursus speleus dans une caverne du calcaire eifelien a 
Neanderthal, xciv.—H. de Dorlodot. Sur les Macrocheilus, d’ Alvaux, xii. 
—E. Hairs. Sur la présence du mercure, du thallium, et de indium dans 
des blendes belges, cxiv.—L. Moreels. Note sur Conularia Destinezt, 
ptéropode nouveau du houiller inférieur (phtanites) d’Argentean, cxviil. 
—M. Lohest. Découverte du plus ancien amphibien connu et de quelques 
fossiles remarquables dans le Famennien supérieur de Modave, exx.—A. 
Briart. Sur la présence d'un hydro-carbure liquide dans l’étage houiller 
du Hainaut, cxxxii—A. Briart. Note sur la séparation de V’eau au sein 
des matiéres sédimentaires, cxxxvi.—X. Stainier. Le gabbro de Grand- 
Pré (Mozet), cxxxix.—J. Fraipont. Une lingule nouvelle du calcaire 
carbonifére de Visé (Lingula Koninckt), exlii—C. Malaise. Découverte 
de cristaux d’Arsénopyrite, 4 Court-St.-Etienne, cxliiiiP. Destinez et 
L. Moreels. Exploration de la caverne de Verlaine (Luxembourg), cxlv- 
—H. Caudéran. Lacs souterrains superposés dans la vallée de la Meuse 
prés de Maestricht, cxlviii—W. Spring. Sur les phénoménes qui accom- 
pagnent la compression de la poussiére humide de corps solides, en rapport 
avec la plasticité des roches, clvi—J. Fraipont. Une nouvelle Discine 
du caleaire carbonifére inférieur, Discina (Orbiculotdea) multistriata, 0. spy 
celxiii—H. Forir. Sur une forme remarquable de calcite provenant de 
Visé, clxiv.—H. Forir. Sur des cristaux d’albite de Revin, clxvi.— 
G. Dewalque. Le prétendu dolmen de Solwaster, clxviii—J. Kupfter- 
schlaeger. Sur une météorite diamantifére de Russie, clxix.—L. Moreels. 
Les Dolmens de Wéris et d’Oppagne, clxxxii—A. Jorissen. Sur la pré- 
sence du tellure et du bismuth dans la galéne de Nil-St.- Vincent, exci.— 
G. Dewalque. Sur quelques dépdts tertiaires des environs de Spa, excil. 


Mémoires. 


A. Briart. Notice descriptive des terrains tertiaires et crétacés de 
)’Entre-Sambre-et-Meuse, 3.—M. Lohest. Des dépéts tertiaires de la 
Haute Belgique, 59.—H. Delvaux. Position stratigraphique du systéme 
silurien et des assises cretacées, établie 4 Vaide d’un forage exécuté par 
M. le baron O. Van Ertborn, dans les établissements de MM. Verlinden, 
fréres, 4 Renaix, 68.—V. Dormal. Contribution a l'étude du systéme 
dévonien dans le bassin de Namur, 88.—M. Lohest. Recherches sur les 
poissons des terrains paléozoiques de Belgique: Poissons des psammites 
du Condroz, famennien supérieur, 112.—G. Cesaro. Sur les figures in- 


ADDITIONS TO THE LIBRARY. I15 


verses de dureté de quelques corps cristallisant dans le systéme cubique 
et de la calcite, 204.—G. Cesaro. Note sur la vitesse d’attaque du marbre 
et du spath d’Islande par quelques acides, 219. 


Bibliographie. 


KE. Delvaux. Sur un Mémoire de M. le Dr. J. Lorié, Privaat-Docent 
a Université d’Utrecht, intitulé : Contributions 4 la géologie des Pays- 
Bas, 3.—H. Forir. Le poudingue de Malmédy, par Leopold van Wer- 
veke, 8.—H. Forir. Carte géologique de la moitié méridionale du Grand- 
Duché du Luxembourg, par L. van Werveke, 12.—H. Forir. Sur quel- 
ques notions géotectoniques et leur emploi par A. Bittner, 19. 


Liége. Société Royale des Sciences. Mémoires. Sér. 2. Tome xv. 
1888. 

Lille. Société Géologique du Nord. Annales. Tome xv. 1887-88. 
Livr. 38-6. 1888. 

L. Dollo. Sur le genre Euclastes, 114.—C. Barrois. Les Bryozoaires 
dévoniens de l’Etat de New York, 123.—J. Gosselet. Note sur le 
Granite et l’Arkose métamorphique de Lammersdorf, 130.—J. Gosselet. 
Analyse du Mémoire de MM. Renard et Klément: Sur la nature des Silex, 
141.—Couyreur. Sur la corrélation de quelques couches de l’Kocéne 
dans les bassins tertiaires de l’Angleterre, de la Belgique et du nord de la 
France, d’apres le Professeur Prestwich, 146.—C. Barrois. Note sur 
Vexistence du genre Oldhamia dans les Pyrénées, 154.—J. Gosselet. Re- 
marques sur la diseordance du Dévonien sur le Cambrien dans le massif de 
Stavelot, 158—J. Ladriére. Le Givetien 4 Hon-Hergies-lez-Bavai, son 
importance, ses limites, son contact avec PHifélien, 162.—A. Malaquin. 
Compte-rendu de l’excursion de la Société Géologique du Nord & Bachant, 
Sous-le-Bois, Louvroil, Douzies et Maubeuge, 169.—J. Gosselet. Etudes 
sur l’origine de |’Ottrélite, 185.—J. Ladriére. L’ancien lit de la Scarpe, 
217.—C. Barrois. Observations préliminaires sur les roches des environs 
de Lanmeur (Finistére), 238.—Carton. Lettre de Sonk-el-Arba, 247.— 
J. Gosselet. L’Ottrélite dans le Salmien, 261.—L. Cayeux. Compte- 
rendu de l’excursion faite dans le Boulonnais, 519. 
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C. Barrois. Observations sur la constitution géologique de l’ouest de 
la Bretagne, 1—J. Ladriére. Les dépots phosphatés de Montag et de 
Forest, 13.—L. Cayeux. Grés dit Porphyre de Gognies-Chaussée, 21.—J. 
Gosselet. Lecons sur les gites de phosphate de chaux du Nord de la 
France, 27.—C. Barrois. Le bassin houiller de Valenciennes d’aprés les 
travaux de MM. A. Olry et R. Zeiller, 48.—L. Cayeux. L’Age des Sables 
de Cerfontaines et de Rousies, 57.—Bézier. Sur la présence de Trilobites 
dans les Schistes rouges de Rennes, 60.—J. Gosselet. L’Ardenne, 64.— 
C. Barrois. Les crustacés dévoniens de l’Etat de New York d’aprés M. 
James Hall, 106.—A. Boussemaer. Sur la Paniselien du Mont-des-Chats, 
118.—L. Cayeux. La Faune du Tun: Extension en épaisseur de la zone 
a Micraster breviporus, 123.—C. Barrois. Note sur l’existence du terrain 
dévonien supérieur a Rostelle, 132.—L. Cayeux. Le Crétacée de Chercg 
prés Tournay,142.—L. Cayeux. Nature ct origine du Phosphate de Chaux 
d’aprés M. Penrose, 157.—J. Gosselet. Note sur des couteaux ou lames de 
silex trouvés prés Douai, 182.—J. Ladriére et L. Cayeux. Compte-rendu 
de excursion de Pernes-en-Artois, 185.—A. Malaquin. Compte-rendu de 
Vexcursion aux exploitations de Phosphates d’Orville, 205.—A. Six. 
Coupe prise a Arques (Pas-de-Calais), 215—J. Gosselet. Lecons 
élémentaires sur la Géologie du Département du Nord, 215. 
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Linnean Society. Journal. Botany. Vol. xxiii. Nos. 155-157. 


1888. 
—$. 1«——. ——. Vol. xxiv. Nos. 163,164. 1888. 
—. —-. ——. Vol. xxv. Nos. 165-170. 1889. 
——. ——. ——. Vol. xxvi. No. 173. 1889. 


-. Zoology. Vol. xx. Nos. 119-121. 1888-89. 
A. W. Waters. On the Ovicells of some Liehenopore, 280. 


—. ——. ——. Vol. xxi. Nos. 131,182. 1888-89. 

sa) Vol ax)? No.0 

——. Transactions. 2nd ser., Botany. Vol. u. Parts 9-16. 
1886-88. 

——. ——. —. Vol.in. Partl. 1888. 

—. ——. 2ndser., Zoology. Vol. i. Part 1’. 1888. 

—. ——. ——. Vol.ni. Parts 5,6. 1887 & 1888. 

—. ——. ——. Vol.iv. Part 3. 1888. 

ee ee SSO ye bars ey ls Se. 

——. Catalogue of the Natural History Library. Part 1. 8vo. 
1866. 

—. ——. Part2. 8vo. 1867. 
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——. General Index to the first Twenty Volumes of the Journal 
(Botany) and the Botanical portion of the Proceedings, November 
1838 to June 1886. 8vo. 1888. 


Lisbon. Academia Real das Sciencias. Jornal de Sciencias Mathe- 
maticas, Physicas e Naturaes. No. 45. Junho de 1887, 


1887. 
G. Gomes. Agua sulfurosa do Cabo Mondego, 1. 


——. Sociedade de Geographia. Boletim. Serie 7. Nos. 7-12. 
1887. 
Serie 8. Nos. 1,2. 1888-89. 


A. Marques. Notes pour servir 2 une monographie des iles Samoa, 5, 


Liverpool Geological Association. Journal. Vol. viii. 1887-88. 


MAD OE betes E 

S. Gasking. On the Isle of Man, 21, 43.—D. Clague. The Conelo- 
merate Beds of the Isle of Man, 31, 64, 71.—F. Ballard. Cave-deposits 
considered in relation to estimates of Time, 33.—C. Potter. On some 
facts in connection with the Geology of the Mersey Busin, 357.—W. D. 
H. Deane. Notes on the announcement of the Discovery of a Volcanic 
Glass of Paleozoic age, 39.—J. Brown. <A day’s walk collecting mine- 
rals in Cumberland, 45.—J. E. George. On the Collection of Rock-speci- 
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mens, 47.—E. Dickson. A sketch of the Geology of the Transvaal, with 
an account of the Gold-fields and an examination of some of the Aurife- 
rous deposits, 53.—G. W. Gray. On the occurrence of Tin in Cambrian 
and other Wolframs, 59.—A. Norman Tate. Examination of the Water 
from a spring in St. James’s Cemetery, Liverpool, 63.—D. Clague. The 
Flexures, Faults, and Slickensides of the New Red Sandstone, 65.—%. 
Gasking. The Arctic Current and Floating Ice as factors in Canadian 


Geology, 75. 


Liverpool Geological Society. Proceedings. Session 29th. 1887- 
eo. Volov. Part 4.” 1888: 


G. H. Morton. Local Historical, Post-Glacial, and Pre-Glacial Geo- 
logy, 303.—F. F. Grensted. A theory to account for the Airless and 
Waterless condition of the Moon, 335.—T.M. Reade. Geological and 
Physical Notes on the preceding paper, 346.—G. H. Morton. Stanlow, 
Ince, and Frodsham Marshes, 349.—W. Hewitt. Notes on Glacial De- 
posits and Markings in the south of the Isle of Man, 352.--T. M. Reade. 
Notes on the Geology of St. Davids, Pembrokeshire, 358.—IH. Dickson, 
Geological Notes on the Preston Dock Works and Ribble Development 
Scheme, 369.—T. M. Reade. Notes on a large Boulder found in driving 
a sewer-heading in Oxford Road, Manchester, 377.—P. Holland and E. 
Dickson. Examination of Quartzite from Nells Hill, Pontesbury, 380. 
—A.N. Tate. On the Colouring-matter of the mineral “ Blue John,” 
384.—H. C. Beasley. Some irregularly-striated joints in the Keuper 
Sandstone of Lingdale Quarry, 386. 


London. County of Middlesex Natural History and Science Society. 
Transactions. Session 1887-88. 1888. 
G. Barraclough. Fossils of the Flint; or, the Wonders lying at our 
own doors, 38.—T. Blashill. Miniature Earth-pyramids in the clay at 
Hampstead, 72. 


London, Edinburgh, and Dublin Philosophical Magazine and Journal 
oreerence,, Serd. Vol) xxyvi..) Nos.158-163. 168382, Pre- 
sented by Dr. W. Francis, F.LS., F.GLS. 

C. Tomlinson. Remarks on the Weathering of Rocks, and certain 


Electrical Phenomena, suggested by some Statements in a popular 
Novel, 475. 


: Vol. xxvii. Nos. 164-169. 1889. 

T. M. Reade. A consideration of the effects of Contraction during the 
Cooling of Intrusive masses of Granite and the cause of their solid Con- 
tinuity, 233.—G. P. Merrill. On the Ophiolite of Thurman, Warren Co., 
N.Y., with remarks on the Hozoon Canadense, 363.—A. Blytt. On the 
probable cause of the Displacement of Shore-lines; an attempt at a 
Geological Chronology, 405, 487. 


Madrid. Real Academia de Ciencias Exactas. Anuario. 1889. 


Manchester. Geological Society. Transactions. Vol. xix. Part 20. 
1887-88. 1888. 

W. J. Bird. On the South Durham Salt-bed and associated strata, 
564.—W. Watts. On the distribution of Erratics and Boulder-clay on 
the lower portions of the Drainage-areas of the Oldham Corporation 
Waterworks, 584.—R. Law and J. Horsfall. An account of small Flint 
Implements found beneath Peat on several elevated points of the Pennine 
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Chain lying between Huddersfield and Oldham, 599.—T. Sington. On 
the recently disclosed Sections of the superficial Strata along Oxford 
Street, Manchester, 603. 


Manchester. Geological Society. Transactions. Vol. xx. "Pars 
1-8. 1888-89. 1888-89. 

John Knowles. On the Coal trade, 42.—W. Boyd Dawkins. On the 
Clay-slates and Phyllites of the south of the Isle of Man; and a section 
of the Foxdale Mine, Isle of Man, 53.—P. F. Kendall. "The Voleanic 
Phenomena of Mull, 114.—T. Oldham. On the cause of Earthquakes, of 
the dislocation and overlapping of Strata, and similar phenomena, 123.— 
P. F. Kendall. Ona large Boulder found in Oxford Street, Manchester, 
140.—J. Knowles. The Earthquake shock of Feb. 10th, 1889, 155.—C. 
Roeder. Some further remarks on the Oxford-Street Section, 165.—H. 
Bolton. On Fish-remains from the Lower Coal-measures, 215. 


——. literary and Philosophical Society. Memoirs and Pro- 
ceedings. Series 4. Vol.i. 1888. 


Melbourne. Geological Society of Australasia. Transactions. Vol. i. 
Part 35... 1888. 

F, Wunderlich. Contributions to the knowledge of Ore and other 
Veins, 67.—G. T. C. Adams. Stone, as used for building-purposes, 74.— 
F. W. Hutton. Hints on making thin sections of rocks, 79.—T. W. 
ae ae David. Cupriferous shales in Permian (?) rocks near Sydney, 

—F. M‘Knight. Abstracts from notes on the Silurian beds of Moonee 
Le 90.—E. J. Alexander. The relative Ages of the older Gold- 
bearing “‘ Leads” or ancient River-beds of Ballarat, Creswick, Ararat, 
&C., and the marine Tertiary formations of Victoria and South Aus~ 
tralia, 91. 


———. Royal Society of Victoria. Transactions and Proceedings. 
Vol. xxiv. Parts 1,2. 1887. 1887 & 1888. 

E. J. Dunn. Notes on the occurrence of Glaciated Pebbles and Boul- 
ders in the so-called Mesozoic Conglomerate of Victoria, 44.—G. S. 
Griffiths. The Geology of the Portland Promontory, Western Victoria, 
61.—A. W. Howitt. On certain Metamorphic and Plutonie rocks at 
Omeo, 100. 


——, —— —— New Sere. "Yel-1.) fan eee 


Mexico. Sociedad Cientifica ‘* Antonio Alzate.” Memorias. Tomo 
i. Cuaderno num. 11,12. 1888. 
C. Motti. Movimientos Seismicos obseryados en Orizaba durante el 
ano de 1887. 


Milan. Reale Istituto Lombardo di Scienze e Lettere. Classe di 
Scienze Matematiche e Naturali. Memorie. Vol. xvi. (yol. vu. 
della serie 3). Fasc. 2. 1888. 


—— Rendiconti. Serie 2. Vol. xx. 1887. 
E. Mariani. Foraminiferi pliocenici di Tronconero presso Casteggio, 
478.—T. Taramelli. Dei terreni terziarj presso il Capo La Mortola in 


Liguria, 757. 
——. Societa Italiana di Scienze Naturali. Atti. Vol. xxx. 
Fase. I—4t. 1887-88. 
F. Sacco. Tterreni quaternari della collina di Torino, 17.—E. Mariani 
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e ©. F. Parona. Fossili tortoniani di Capo S. Marco in Sardegna, 101.— 
E. Mariani. La Molassa miocenica di Varano, 193.—L. Ricciardi. Ge- 
nesi e successione delle rocce eruttive, 212.—G. Mercalli. Il terremoto 
di Lecco del 20 maggio, 1887, 341.—C. F. Parona. Contributo allo stu- 
dio dei Megalodonti, 355.—L. Bozzi. Sgpra una specie pliocenica di pino 
trovata a Castelsardo in Sardegna, 363.—G. Mercalli. Le lave di Radi- 
cofani, 368. 


Mineralogical Society. Mineralogical Magazine. Vol. vii. Nos. 
36-38. 1888-89. 

J. W. Judd. On the development of a Lamellar structure in Quartz- 
crystals by mechanical Means, 1.—C.A.M‘Mahon. On the Polysynthetic 
Structure of some Porphyritic Quartz-crystals in a Quartz-felsite, 10.—A. 
Dick. On Kaolinite, 15.—H. J. Johnston-Lavis. Note on the occurrence 
of Celestite containing nearly 14 per cent. of Free Sulphur, 28.—A. 
Harker. Notes on Hornblende as a Rock-forming mineral, 30.—H. A. 
Miers. Contributions to the study of Pyrargyrite and Proustite, 37.—T. 
G. Bonney. On a peculiar variety of Hornblende from Mynydd Mawr, 
Carnarvonshire, 103.—T.G. Bonney. Note ona Picrite from the Liskeard 
district, 108.—E. Kinch. On Dutrenite from Cornwall, 112.—J. J. H. 
Teall. Notes on some Minerals from the Lizard, 116.—A. H. Chester. 
A Mangano-magnesian Magnetite, 125.—M. F. Heddle. On the Zeolites 
of Rye Water, Ayrshire, 127.—M. F. Heddle. The Minerals of the 
Treshinish Islands, 130.—W. Morrison. Elaterite: a mineral Tar in Old 
Red Sandstone, Ross-shire, 183.—J. Macadam. Analyses of various 
mineral substances, 135.—L. Fletcher. The Renaissance of British 
Mineralogy, 138.—L. Fletcher. On the supposed fall of a Meteoric 
Stone at Chartres, Eure-et-Loire, France, in September 1810, 146.—H. A. 
Miers. Calcites from the neighbourhood of Keremont, Cumberland, 149. 
—T. H. Holland. On the large Porphyritic Crystals of Felspar in certain 
Basalts of the Isle of Mull, 154. 


Minneapolis. American Geologist. Vol.i. Nos. 1-6. 1888. 
Purchased. j 

P. Frazer. A short history of the origin and acts of the International 
Congress of Geologists, and of the American Committee delegates to it, 
3, 86.—N.H. Winchell. The Animike Black Slates and Quartzites, and 
the Ogishke Conglomerate of Minnesota, the equivalent of the “ original 
Huronian,” 11.—A. Winchell. The unconformities of the Animike in 
Minnesota, 14.—S. Calvin. A new species and new genus of Tubicolar 
Annelida, 24.—S. Calvin. Notes on the Formations passed through in 
boring the Deep Well at Washington, Lowa, 28.—K. W. Claypole. The 
future of Natural Gas, 31.—L. E. Hicks. The Niobrara river considered 
with reference to its capacity for irrigation, 69.—J. Le Conte. The Flora 
of the coast islands of California in relation to recent changes of physical 
geography, 76.—S. Calvin. Observations on the vertical range of cer- 
tain species of Fossils of the Hamilton Period in Western Ontario, 8].— 
K. O. Ulrich. A correlation of the Lower Silurian horizons of Tennessee, 
and of the Ohio and Mississippi valleys with those of New York and 
Canada, 100, 179, 305.—A. Winchell. Some effect of pressure of a con- 
tinental Glacier, 189.—C. W. Wooldridge. The River-lake system of 
Western Michigan, 143.—R. E. Call. A new Post-Pleiocene Limneeid, 
146.—B. Shimek. Notes on the Fossils of the Loess at Iowa City, 149.— 
HK. W. Claypole. Darwin and Geology, 152,211.—N. H. Winchell. Some 
objections to the term Taconic considered, 162.—J. A. Dodge. Anthra- 
cite Coal in the valley of the Bow river, North-west Territory of Canada, 
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172.—N. H. Winchell. A great Primordial Quartzite, 173K. W. 
Claypole. Singular subterranean commotion near Akron, Ohio, 190.—A. 
C. Lawson. Diabase Dykes of the Rainy-Lake region, 199.—EK. O. 
Ulrich. On Sceptropora, a new genus of Bryozoa, with remarks ou 
Helopora, Hall, and other genera of that type, 228.—S. A. Miller. The 
Taconic system as established by Emmons, and the laws of Nomenclature 
applicable to it, 235.—S. A. Miller. A new genus of Crinoids from the 
Niagara group, 263.—EH. N. 8. Ringueberg. The Niagara Shales of 
Western New York, 264.—H. A. Wasmuth. Notes on the Pittsburg 
Coal-bed and its disturbances, 272.—L. E. Hicks. Geyserite in Nebraska, 
277.—K. Haworth. A contribution to the Archean Geology of Missouri, 
280, 363.—L. EK. Hicks. The Reef-builders, 297.—W. E. Taylor. Geo- 
logy in our preparatory schools, 316.—C. L. Herrick, E. 8. Clarke, and 
J. L. Deming. Some American Norites and Gabbros, 339.—A. Winchell. 
The Taconic question, 347.—E. W. Claypole. On some investigations 
regarding the condition of the interior of the Earth, 382.—J. F. James. 
Monticulipora, a Coral and not a Polyzoon, 386. 


Minneapolis. American Geologist. Vol. 11. Nos. 1-6. 1888. 
Purchased. 

G. F. Matthew. On Psammichnites and the early Trilobites of the 
Cambrian rocks in Hastern Canada, 1.—J. Marcou. Paleeontologic and 
stratigraphic “ Principles” of the adversaries of the Taconic, 10, 67.—C. R. 
Keyes. On some fossils from the Lower Coal-measures at Des Moines, 
Towa, 23.—E. W. Claypole. On some investigations regarding the con- 
dition of the interior of the earth, 28.—C. W. Wooldridge. The Post- 
glacial Geology of Ann Arbor, Mich., 35.—E. O. Ulrich. A correlation 
of the Lower Silurian horizons of Tennessee and of the Ohio and Missis- 
sippi valleys with those of New York and Canada, 39—A. Winchell. 
Geology as a means of Culture, 39.-—O. Meyer. Some remarks on 
the present state of our knowledge of the North-American Eastern Ter- 
tiary, 88.—E. Emmons. Geology of the Montmorenci, 94.—A. Winchell. 
Geology as a means of Culture, 100.—International Congress of Geo- 
logists. Reports of the American Committee, 139.—P. Frazer. Report 
of the Sub-Committee on the Archean, 148.—N. H. Winchell. Report 
of the Sub-Committee on the Lower Paleozoic, 195.—H. S. Williams. 
Report of the Sub-Committee on the Upper Paleozoic (Devonian), 225, 
—J. J. Stevenson. Report of the Sub-Committee on the Upper Paleo- 
zoic (Carbonic), 248.—G. H. Cook. Report of the Sub-Committee on 
the Mesozoic, 257.—KE. A. Smith. Report of the Sub-Committee on 
the Cenozoic (Marine), 269.—E. D. Cope. Report of the Sub-Com- 
mittee on the Cenozoic (Interior), 285.—C. H. Hitchcock. Report 
of the Sub-Committee on the Quaternary and Recent, 300.-—-H. A. 
Wasmuth. Notes on the structural Geology of the Carboniferous for- 
mation of Pennsylvania, 311.—E. Brainerd and H. M. Seeley. The 
original Chazy rocks, 323.—P. J. Farnsworth. Pockets containing Fire- 
clay and carbonaceous materials in the Niagara Limestone at Clinton, 
Towa, 331.—C. R. Keyes. The Coal-measures of Central Iowa, and par- 
ticularly in the vicinity of Des Moines, 396.—F. W. Cragin. Preliminary 
description of a new or little-known Saurian from the Benton of Kansas, 
404.—C. 8. Beachler. Keokuk group at Crawfordsville, Indiana, 407. 
—A. F. Foerste. Notes on a Geological Section at Todd’s Fork, 
Ohio, 412. 


: . Vol. iii. Nos. 1-6. 1889. Purchased. 
J.C. Broadhead. The Geological History of the Ozark Uplift, 6.—W- 
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M. Davis. The Glacial origin of Cliffs, 14.—H. V. Winchell. The 
Diabasic Schists containing the Jaspilite-beds of North-eastern Minne- 
sota, 18.—R. G. M‘Connell. Note on the Geology of Mt. Stephen, British 
Columbia, 22.—S. Calvin. Some Geological Problems in Muscatine 
County, Lowa, with special reference to the rectification of the supposed 
Kinderhook near the mouth of Pine Creek, 25,—L. E. Hicks. Soils of 
Nebraska as related to Geological Formations, 36.—E. W. Claypole. 
Glaciers and glacial Radiants of the Ice Age, 73.—C. L. Herrick. Notes 
upon the Waverly group in Ohio, 94.—F. H. Knowlton. Fossil Wood 
and Lignites of the Potomac formation, 99.—T. M. Reade. Physical 
Theories of the Karth in relation to Mountain formation, 106.—R. R. 
Rowley. The Chouteau group of Eastern Missouri, 111.—A.S. Tiffany. 
The Artesian Well at City Park, Davenport, lowa, 117.—J. Marcou. 


Barrande and the Taconic System, 118.—A. Winchell. Conglomerates . 


enclosed in Gueissic Terranes, 153, 253.—A. C. Lawson. Foliation and 
Sedimentation, 169.—I. C. Russell. The Newark System, 178.—R. D. 
Salisbury. Mr. Forster on Harthquakes, 182.—J. Marcou. The original 
locality of Gryphea Pitcher, 188.—H. 8. Williams. On the relation of 
the Devonian Faunas of Lowa, 280.—E. O. Ulrich. Preliminary Descrip- 
tion of new Lower-Silurian Sponges, 233.—G. M. Dawson. Recent 
observations on the Glaciation of British Columbia and adjacent regions, 
249.—C. H. Hitchcock. Conglomerates in New-England Gneisses, 253. 
—R. T. Hill. A portion of the Geological Story of the Colorado River of 
Texas, 287.—C. D. White. Carboniferous Glaciation in the southern 
and eastern Hemispheres; with some notes on the Gilossopteris-Flora, 
299.—C. R. Keyes. Variation exhibited by a Carbonic Gasteropod, 330. 
—J. H. Mills. Quaternary Deposits and Quaternary or Recent elevation 
of regions and mountains in Brazil, with deductions as to the origin of 
Loess from its observed conditions there, 345.—KH. W. Claypole. The 
story of the Mississippi-Missouri, 361.—E. O. Ulrich. On Lengulasma, a 
new genus, and eight new species of Lingula and Trematis, 377.—J. J. 
Stevenson. The Mesozoic rocks of Southern Colorado and northern New 
Mexico, 391. 


Montreal. Natural History Society. Canadian Record of Science. 
Vol. i. Nos. 3-6. 1888-89, 

Sir J. W. Dawson. On Sporocarps discovered by Prof. Orton in the 
Hrian Shale of Columbus, Ohio, 137.—C. Lapworth. Note on Grapto- 
lites from Dease River, British Columbia, 141.—A. T. Drummond. The 
Great Lake Basins of Canada, 142.—F. D. Adams and A. C. Lawson. 
On some Canadian Rocks containing Scapolite, with a few notes on 
Rocks associated with the Apatite deposits, 186.—Sir J. W. Dawson. 
EHozoon canadense, 201.—Sir J. W. Dawson. On the Hozoic and Palee- 
ozoie Rocks of the Atlantic coast of Canada in comparison with those of 
Western Europe and the interior of America, 230.—J.W. Spencer. The 
St. Lawrence Basin and the Great Lakes, 232.—T. Sterry Hunt. The 
Study of Mineralogy, 236.—T. Sterry Hunt. Mineralogical Evolution, 
242.—A. T. Drummond. The Great Lake Basins of the St. Lawrence, 
247.—Sir J. W. Dawson. Note on Balanus Hamert in the Pleistocene 
at Riviére Beaudette, &c., 287.—Kayanagh. On modern Concretions 
from the St. Lawrence, 292.—G. F. Matthew. On the Classification of 
tne Cambrian Rocks in Acadia, 303.—R. Chalmers. Glaciation of 
Eastern Canada, 319.—J. B. Tyrrell. Gypsum deposits in Northern 
Manitoba, 353.—G. F’. Matthew. Supplementary note to “ Classification 
of Cambrian Rocks in Acadia,” 371.—G. J. Hinde. On Archeocyathus, 
Billings, and on other Genera allied thereto, or associated therewith from 
the Cambrian Strata of North America, Spain, Sardinia, and Scotland, 373. 
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Montreal. Royal Society of Canada. Proceedings and Transac- 
tions for the year 1887. Vol. v. 1888. 

E. Gilpin. The Faults and Foldings of the Pictou Coal-field, 25.—Sir 
W. Dawson. Note on Fossil Woods and other Plant-remains from the 
Cretaceous and Laramie formations of the Western Territories of Canada, 
3d1.—L. W. Bailey. Notes on the Physiography and Geology of Aroo- 
stook, 39.—P. M‘Kellar. The Correlation of the Animikie and Huronian 
rocks of Lake Superior, 63.—F. Boas. The Geography and Geology of 
Batin Land, 75.—L. M. Turner. Physical and Zoological Character 
of the Ungava District, Labrador, 79.—J. W. Spencer. Glacial Erosion 
in Norway and in High Latitudes, 89.—J. W. Spencer. On the Theory 
of Glacier Motion, 99.—R. Bell. The Petroleum Field of Ontario, 101. 
—G. F. Matthew. Tlustrations of the Fauna of the St. John Group, 115. 


Moscow. Société Impériale des Naturalistes. Bulletin. Nouvelle 
série. Tomei. 1888. Nos. 24. 1888-89. 


. Beilage zum Bulletin. Meteorologische Beobacht- 
ungen. 1888. Erste Halfte. 1888. 


—— 
os 


Nouveaux Mémoires. Tome xy. Livr. 4. 1886. 
H. Trautschold. Le Néocomien de Sably en Crimée, 119. 


——S 
. 


Munich. Koniglich-bayerische Akademie der Wissenschaften. 
Abhandlungen der mathematisch-physikalischen Classe. Band 
xVl.., Abih. 2... 1387. 


: . Sitzungsberichte der mathematisch-physikalischen 
Classe. 1887. Heft 3. 1888. 
F. y. Sandberger. Ueber die altesten Ablagerungen im siidéstlichen 
Theil des béhmischen Silurbeckens und deren Verhaltniss zu dem anstos- 
senden Granit, 455. 


—. ——. ——. 1888. Hefte 1&2. 1888. 


—— (Cassel). KGniglich-bayerische Obergamt, Geognostische Ab- 
theilung. Geognostische Jahreshefte. Erster Jahrgang 1888. 
1888. 

L.v. Ammon. Die Fauna der brackischen Tertiarschichten in Nieder- 
bayern, 1—F. Braun. Ueber die Lagerungsverhaltnisse der Hohlen- 
flotze in der bayerischen Steinkohlengrube Mittelberbach und deren 
Zusammenhang mit jenen der benachbarten Gruben links der Blies, 23. 
—A. Leppla. Ueber den Buntsandstein im Haardtgebirge, 39.—A. 
Leppla and A. Schwager. Der Nephelin-Basalt von Oberleimleiter, 65. 
—H. Thiirach. Uebersicht tiber die Gliederung des Keupers im nord-- 
lichen Franken im Vergleiche zu den benachbarten Gegenden, 75.—C. W. 
v. Giimbel. Nachtriige zu der geognostischen Beschreibung des bayer- 
schen Alpengebirgs, 163. . 


Nancy. Académie de Stanislas. Mémoires, 1887. Série5. Tome vy 
1888. 


Nature. Vol. xxxviii. Nos. 973-991. 1888. 
International Geological Congress, 188, 415, 503, 548.—Discovery of 
Elephas primigenius associated with Flint Implements at Southall, 283. 
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—J. A, Ewing. Earthquakes and how to measure them, 299.—J. Nor- 
man Lockyer. Notes on Meteorites, 424, 456, 530, 556, 602. W. Boyd 
Dawkins. Opening Address to Section C of the British Association, 
449.—The Japanese Volcanic Eruption, 466. C. Lory. On the Consti- 
tution and Structure of the Crystalline Schists of the Western Alps, 500. 
—T. Sterry Hunt. On Crystalline Schists, 519.—K. A. Lossen. Some 
questions connected with the problem presented by the Crystalline 
Schists; together with contributions to their solution from the Paleozoic 
formations, 523.—A. Heim. On the Classifications of the Crystalline 
Schists, 525.—A.Michel-Levy. On the origin of the Primitive Crystal- 
line Rocks, 525.—J. Lehmann. Remarks on some of the more recent 
publications dealing with the Crystalline Schists, 549.—C. B. Walcott. 
The Stratigraphical Succession of the Cambrian Faunas in North Ame- 
rica, 551.—W. J. L. Wharton. Foundations of Coral-reefs, 568.— 
Geology at the British Association, 597. 


Nature. Vol. xxxix. Nos. 992-1017. 1888-89. 

T. G. Bonney. The Foundation-stones of the Harth’s Crust, 89.—H. 
J. Johnston-Lavis. Further notes on the late Eruption at Volcano 
Island, 109.—J, Norman Lockyer. Notes on Meteorites, 189, 233, 400. 
—C. Lapworth. On the Discovery of the Olenellus-Fauna in the Lower 
_ Cambrian rocks of Britain, 212.—H. B. Guppy. Preliminary note on 

Keeling Atoll, known also as the Cocos Islands, 236.—A. Renard. The 
Artificial reproduction of Volcanic Rocks, 271.—V. Harley. The Karth- 
quake at Ban-dai-san, Japan, 279.—Supposed Fossils from the Southern 
Highlands, 300.—The Earthquake at Edinburgh, 324.—T. C. Mendenhall. 
On the Intensity of Earthquakes, with approximate calculations of the 
Energy involved, 380.—A. Ernst. The formation of Ledges on Moun- 
tain-slopes and Hill-sides, 415.—J. Murray. Structure, origin, and dis- 
tribution of Coral-reefs and islands, 424.—Baron A. E. Nordenskiold. 
The Gradual Rising of the Land in Sweden, 488.—P. W. Bassett-Smith. 
Further notes on the Geology of the eastern coast of China and the adja- 
cent islands (Abstract by Dr. Hatch), 610. 


—. Vol. xl. Nos. 1018-1024. 1889. 

J. Norman Lockyer. Notes on Meteorites, 186.—The Earthquake 
[English Channel and neighbouring districts], 140.—A. Smith Wood- 
ward. The Paleontology of Sturgeons, 186.—R. Abercromby. Nitrate 
of Soda, and the Nitrate Country, 187. 


Neuchatel. Société des Sciences Naturelles. Bulletin. Tome xvi. 
1888. 


A. Jaccard. Sur quelques espéces nouvelles de Pycnodontes du Jura 
neuchatelois, 41.—A. Jaccard. Sur les animaux vertébrés fossiles de 
Vétage Ciningien du Locle, 52.—-R. Hiusler. Les Foraminiféres des 
marnes pholadomyennes de St. Sulpice, 74. G. Ritter. Le lac glaci- 
aire du Camp du Moulin, 93.—A. Jaccard. Sur la défossilisation, 229.— 
A. Hirsch. Premiers détails sur le tremblement de terre du 23 février, 
1887; ce phénoméne n’a pas été ressenti a Observatoire de Neuchatel ni 
a celui de Nice, 244. 


Neweastle-on-Tyne. Natural History Society of Northumberland, 
Durham, and Newcastle-upon-Tyne. ‘Transactions. Vol. x. 
ant ln 18388. 

R. Howse. Contributions towards a Catalogue of the Flora of the 

Carboniferous System of Northumberland and Durham,—Part I. Fossil 

Plants from the Hutton Collection, 19. 
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Newcastle-on-Tyne. North of England Institute of Mining and 
Mechanical Engineers. ‘Transactions. Vol. xxxvii. Parts 
5&6. 1888. 


. Vol. xxxvmi Parts1&2. 1889. 
W. J: ad Notes on the Seaton Carew Boring, 21. 


22 Nace 


New Haven. American Journal of Science. Ser. 3. Vol. xxxvi. 
Nos. 211-216. 1888. 

J. D. Dana. History of Changes in the Mt. Loa Craters, 14.—W. T. 
Brigham. On the Summit Crater of Mt. Loa in 1880 and 1885, 33.—S. 
L. Penfield. Bertrandite from Mt. Antero, Colorado, 52.—W. W. Dodge. 
Some Localities of Post-Tertiary and Tertiary Fossils in Massachusetts, 
56.—E. O. Hovey. A Cordierite Gneiss from Connecticut, 57.—J. D. 
Dana. History of Changes in the Mt. Loa Craters, 81.—J. E. Whitfield 
and G. P. Merrill. The Fayette County, Texas, Meteorite, 113.—L. F. 
Ward. Evidence of the Fossil Plants as to the Age of the Potomac For- 
mation, 119.—T. M. Chatard. Analyses of the Waters of some American 
Alkali Lakes, 146—C. D. Walcott. Cambrian Fossils from Mount 
Stephens, North-west Territory of Canada, 161—J.D. Dana. History 
of Changes in the Mt. Loa Craters, 167 fas) Bi 2) Dunnington. On the 
formation of deposits of Oxides of Manganese, 175.—J. P. Iddings. On 
the Origin of Primary Quartz in Basalt, 208. rege F. Kunz. Mineralo- 
gical Notes, 222.—L. Gat ohnson. TheS Structure of Florida, 230.—E. A. 
Schneider. Analysis of a Soil from the Washington Territory, and some 
remarks on the utility of Soil-analysis, 236—J. F. Kemp. Rosetown 
Extension of the Cortlandt Series, 247 Peat H. Williams. ~The Contact- 
Metamorphism produced in the adjoining Mica schists and Limestones by 
the Massive Rocks of the “ Cortlandt Series,” near Peekskill, N. Y., 254. 
—W.E. Hidden. Edisonite, a fourth form of Titanic acid, 272. G. F. 
‘Kunz. Two new masses of eee Tron, 275.—E. S. Dana. Prelimi- 
nary notice of Beryllonite, a new mineral, 290. —S. L. Penfield and E. S. 
Sperry. Mineralogical Notes, 317.—J. Newberry. Rhztic Plants 
from Honduras, 342—W. E. Hidden. Minceslonical Meee 580.—J. D. 
Dana. A brief history of Taconic ideas, 410—C. A. White. On the 
Puget Group of Washington Territory, 443.—L. G. Eakins. Two Sulph- 
antimonites from Colorado, 450.—W. E. Hidden and J. B. Mackintosh. 
New Thorium Mineral, Auerlite, 461.—_W. E. Hidden and J. B. Mack- 
intosh. On a new Sodium sulphato-chloride, Sulphohalite, 463.0. C. 
Marsh. A new Family of Horned Dimosauria from the Cretaceous, 
477. 

——=) Vol. xxxva. Nos, 217-222) 4a 

E.S . Dana and H. L. Wells. Description of the new mineral, Beryl- 
ies, 93.—C. R. Van Hise. The Iron Ores of the Penokee-Gogebic 
Series of Michigan and Wisconsin, 32.—J. D. Dana. Recent Observa- 
tions of Mr. Frank S. Dodge of the Hawaiian Government Survey, on 
Halema umau and its débris-cone, 48.—J. D. Dana. Notes on Mauna 
Loa in July 1888, 51.—W. S&S. Bayley. A Quartz-Keratophyre from 
Pigeon Point and ‘Tbving’ s Augite- Syenites, 54.—H. G. Hanks. On the 
occurrence of Hanksite in California, ‘63.—H. L. Wells. Sperrylite, a new 
- Mineral, 67.—S. L. Penfield. On the Crystalline form of Sperrylite, 71. 
—J.D. Dana. Points in the Geological History of the Islands Maui and 
Pahu, 81.—O. A. Derby. On the Occurrence of Monazite as an accessory 
Element in Rocks, 109.—J. C. Branner. The Geology of Fernando de 
Noronha, 145. —O.C.Marsh. Restoration of Br ontops robustus, from the 
Miocene of America, 163. —G. H. Williams. Geology of Fermandp de 
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Noronha, Part II., 178.—G. P. Merrill. On the Ophiolite of Thurman, 
Warren Co., N.Y., with remarks on the Eozoon canadense, 189.—J. D. 
Dana. On the Origin of the deep troughs of the Oceanic depression; are 
any of Volcanic origin ?, 192.—F’. H. Knowlton. Description of a prob- 
lematic organism from the Devonian at the Falls of the Ohio, 203.—S. L. 
Penfield. On some curiously developed Pyrite crystals from French 
Creek, Delaware Co., Pa, 209.—S. L. Penfield. Crystallized Bertrandite 
from Stoneham, Ma., and Mt. Antero, Colorado, 213.—J. 8. Diller. 
Mineralogical Notes, 216.—W. Cross. The Denver Tertiary Formation, 
261.—R. T. Hill. Events in North American Cretaceous History illus- 
trated in the Arkansas-Texas Division of the South-western Region of the 
United States, 282.—D. H. Browne. The distribution of Phosphorus in 
the Ludington Mine, Iron Mountain, Michigan, 299.—G. Baur. Pal@o- 
hatteria Credner, and the Proganosauria, 310.—O. C. Marsh. Comparison 
of the Principal Forms of the Dinosauria of Europe and America, 323.— 
O. C. Marsh. Notice of new American Dinosauria, 332.—W. H. Weed. 
On the Formation of Siliceous Sinter by the Vegetation of Thermal 
Springs, 8351.—W. Upham. Marine Shells and Fragments of Shells in 
the Till near Boston, 359.—F. W. Clarke and C. Catlett. A Platini- 
ferous Nickel Ore from Canada, 372.—C. D. Walcott. Stratigraphic Posi- 
tion of the Olenellus-Fauna in North America and Europe, 374.—E. S. 
Holden. Harthquakes in California (1888), 392.—W. M. Davis. Topo- 

raphic Development of the Triassic Formation of the Connecticut Valley, 
423.—W. F. Hillebrand. Analyses of three Descloizites from new Local- 
ities, 434.—J. EK. Whitfield. New Meteorite from Mexico, 439,—E. S. 
Dana. Contributions to the Petrography of the Sandwich Islands, 
44]. 


New Haven. Connecticut Academy of Arts and Sciences. Transac- 
tions. Vol. vii. Part 2. 1888. 


——. Peabody Museum of Yale University. Memoirs. See 
Booxs, Beecher, C. E. 


New York. Cooper Union for the Advancement of Science and Art. 
29th Annual Report. 1888. 


——. Academy of Sciences. Annals. Vol.iv. Nos. 5-8. 1888. 
A.A. Julien. On the Variations of Decomposition in the Iron Pyrites ; 
its cause, and its relation to density, Part IL., 125. 


‘ Transactions. Vol. vii. Nos. 3-8. 1887-88. 

J.S. Newberry. ‘Triassic Plants from Honduras, 115.—H. C. Bolton. 
Notes on Salt Deposit of Petite Anse, La., 122.—G. E. Post. The Phy- 
sical Geography and Geology of Syria and Palestine, 166.—J. 8. New- 
berry. On the Fossil Fishes of the Hrie Shale of Ohio, 178.—B, B. 
Chamberlin. The Minerals of New York County, including a list com- 
plete to date, 211.—F. A. Sampson. Notes on the subcarboniferous series 
at Sedalia, Missouri, 246.—A. W. Vogdes. Description of two new species 
of Carboniferous Trilobites, 247. 


oe 


——. American Museum of Natural History. Annual Report of 
the Trustees for 1887-88. 1888. 


Northampton. Northamptonshire Natural-History Society and Fielu 
Club. Journal. Vol. v. Nos. 34-36. 1888. 
B. Thompson. The Upper Lias of Northamptonshire, 54. 


126 ADDITIONS TO THE LIBRARY. 


Nottingham Naturalists’ Society. Transactions and 36th Annual 
Report. 1888. 1888. 
E. Kidson. Evidences of Glacial Action in Snowdonia, 14. 


Padua. R. Accademia di Scienze Lettere ed Artiin Padova. Atti 
 e Memorie., N.S: Voli. > 1385. 


—. ——. —. —. Vol. 1. 1886. 
—_—, ——. —-. —. Vol.in. 1887. 


——. Rivista di Mineralogia e Cristallografia Italiana. Vol. il. 
Fase. 6. 1888. Purchased. 
F. Sansoni. Datolite e Calcite di Montecatini, 84. 


. Vol. ii. 1888. Purchased. 

A. Sella. Sellaite e minerali che ’accompagnano, 12.—A. Scacchi. 
Catalogo dei minerali del Vesuvio, loro composizione e giacimento, 58.— 
V. vy. Zepharovich. Cristalli d’Idriolite d’Idria, 74.—R. Panebianco. 
Cenni biografici ed elenco dei lavori italiani di Gerardo Vom Rath, 80. 


. Vol.iv. Fase. 1-6. 1889. Purchased. 

G. B. Negri. Studio cristallografico della Cerussite di Auronzo, 41.— 
G. Luzzatto. Analisi della Natrolite del Monte Baldo, 54.—G. di 
Boccard. Su di un ossido di manganese idrato degli EKuganei, 55. 


: . .Vol..y. Base. 1-2. 1889. Purchased 
A. Cathrein. Forme cristalline della baritite di Valsugana, 3.—G. B. 
Negeri. Studio cristallografico della baritina di Levico, 6. 


Paleontographical Society. Monographs. Vol. xl. for 1888. 
1889. (Two copies.) 

H. Alleyne Nicholson. A Monograph of the British Stromatoporoids. 
Part 2.—T. Rupert Jones and C. D. Sherborn. A Supplementary Mono- 
graph of the Tertiary Entomostraca of England.i~W. H. Hudleston. A 
Monograph of the British Jurassic Gasteropoda. Part 1, No. 3.—S. 8. 
Buckman. A Monograph on the Inferior Oolite Ammonites of the British 
Islands. Part 3—G. F. Whidborne. A Monograph of the Devonian 
Fauna of the South of England. Part 1. 


Paris. Académie des Sciences. Comptes Rendus. Tome cvi. 
Nos. 25 & 26. 1888. 


ate = =) SC Dabless’ Tometevi, Vilcss: 
Tome evii. Nos. 1-27. 1888. 


©. Dilter. Sur la reproduction artificielle des micas et sur celle de la 
scapolite, 42.—A. Pomel. Sur un gisement de quartz bipyramidé avec 
cargneule et gypse, & Souk-Arras (Algérie), 53.—A. Gaudry. Sur les 
dimensions gigantesques de quelques Mammiferes fossiles, 309.— W. Kihan. 
Structure géologique des environs de Listeron (Basses-Alpes), 358.—F. 
Gonnard. Des figures de corrosion naturelle des cristaux de barytine 
du Puy-de-Dome, 407.—P. Fischer. Sur le dermato-squelette et les 
affinités zoologiques du Testudo perpiniana, gigantesque Tortue fossile 
du pliocéne de Perpignan, 498.—P. Thomas. Sur la géologie de la 
formation pliocéne a trones W’arbres silicifiés de la Tunisie, 567.—P. Fliche. 
Sur les bois silicifiés de la Tunisie et de l Algérie, 569.—M. G. Bleicher. 
Recherches lithologiques sur la formation a bois silicifiés de Tunisie et 
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d’ Algérie, 572.—P. de Rouville et Auguste Delage. Pétrographie de 
l’Hérault. Les Porphyrites de Gabian, 665.—F. Gonnard. Sur les filons 
de quartz de Charbonniéres-les- Varennes (Puy-de-Dome), 667.— U. Le 
Verrier. Structures des gneiss, 699.—M. Bertrand. Les plis couchés de la 
région de Draguignan, 701.—J. Bergeron. Sur le Cambrien et sur V’allure 
des dépéts paléozoiques de la montagne Noire, 760.—EH. Riviére. Sur la 
faune et les ossements humains des Baumas de Bails et de la grotte Saint- 
Martin (Alpes-Maritimes), 763.—E. Jacquot et A. Michel Lévy. Sur 


i 
a 4s ‘y a 5 16 SEE EEE — 
une nouvelle Carte géologique de la France 4 l’échelle de yoo9q99, pub 


liée par le Service de la Carte géologique détaillée de la France, 795.— 
Baichére. Sur le passage du calcaire de Ventanac a la formation a lignite 
du Languedoc, 796.—Du Chatellier. Sur Vatfaissement du littoral dans 
le Finistére, 797.—M. Bertrand. Un nouveau probleme de la géologie 

rovencale. Pénétration de marnes irisées dans le crétacé, 878.—E. A. 
Martel. Sur la traversée de la riviére souterraine de Bramabiau et sur la 
formation des canons des causses, 931.—J. Ladriére. Sur les dépdts 
phosphatés de Montay et de Forest (Nord), 960.—L. de Launay. Les 
dislocations du terrain primitif dans le nord du Plateau central, 961.—G. 
Cotteau. Hchinides éocénes de la province d’Alicante (Espagne), 976.— 
P. Hautefeuille et A. Perrey. Sur la reproduction du zircon, 1000.—L. 
Crié. Sur les affinités des flores jurassiques et triasiques de l’ Australie et 
de la Nouvelle-Zélande, 1014.—Stanislas Meunier. Détermination litho- 
logique de la météorite de Fayette County (Texas), 1016.—Romieux. Sur 
les directions des lithoclases aux environs de Fontainebleau et leurs 
rapports avec les inflexions des strates, 1018.—B. Renault et R. Zeiller. 
Sur lattribution des genres Fayolia et Paleoxyris, 1022.—M. Hardy. 
Découverte d’une sépulture de l’époque quaternaire 4 Raymonden, com- 
mune de Chancelade (Dordogne), 1025.—C. J. Forsyth Major. Sur un 
gisement d’ossements fossiles dans Vile de Samos, contemporains de lage 
de Pikermi, 1178. 


Paris. Académie des Sciences. Comptes Rendus. Tables. Tome 
evil. 1888. 1889. 


; : . Tome cvili. Nos. 1-24. 1889. 

R. Nicklés. Sur le néocomien du sud-est de l’Hspagne, 738.—A. de 
Lapparent. Sur la relation des roches éruptives acides avec les émana- 
tions solfatariennes, 149.—H. Marize. Photographie des figures de Wid- 
manstaetten, 151.—C. Depéret. Sur l’age des sables de Trévoux, 203.— 
EH. Riviére. Découverte Vune nouvelle station quaternaire dans la Dor- 
dogne, 309.—F. Fouqué. Sur le bleu égyptien ou vestorien, 325.—G. 
Cotteau. Sur deux Echinodermes fossiles provenant de Thersakhan 
(Turkestan), 327.—A. de Lapparent. Sur Vorigine des roches éruptives, 
369.—C. L. Frossard. Sur les roches éruptives de Pouzac (Hautes- 
Pyrénées), 370.—U. Le Verrier. Sur la structure des porphyres quartz- 
iféres du Forez, 371.—A. Lacroix. Etude pétrographique des gneiss de 
Ceylan et du district de Salem (présidence de Madras), 373.—G. Weiss 
et A. Erckmann. Sur les propriétés optiques de l’ambre naturel et de 
Yambre faux, 376.—P. de Rouville et A. Delage. La porphyrite de 
Cavenac, 418.—U. Le Verrier. Sur quelques roches porphyritiques du 
Forez, 420.—EH. Piette. Un groupe d’assises représentant Vépoque de 
transition entre les temps quaternaires et les temps modernes, 422.— 
Stanislas Meunier. Examen des roches houilléres a Bacillarites, Stur, 
468.—P. de Rouville. Le genre Amphion (Pander), a Cabriéres (Hé- 
rault), 470.—A. Lacroix. Sur les phénoménes de contact de la granulite 
et des gneiss pyroxéniques a wernérite de la Loire-Inférieure, 539,—A. 
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Michel Lévy. Sur un gisement francais de mélaphyres 4 enstatites, 579. 
—J. Welsch. Note sur les terrains jurassiques des environs de Tiaret 
(département d’Oran), 581.—E. Haug. Sur la géologie des chaines sub- 
alpines comprises entre Gap et Digne, 584.—E. Haug. Lias, bajocien et 
bathonien, dans les chaines subalpines entre Digne et Gap, 689.—J. 
Thoulet. De la solubilité des divers minéraux dans l’eau de mer, 753.—G. 
de Rouville. Nouvelles observations sur les terrains tertiaires supérieurs 
de la région de Pézenas, Hérault,757.—J. Welsch. Les terrains crétacés 
des environs de Tiaret et de Frenda, province d’Oran, 760.—Stanislas 
Meunier. Sur la météorite d’Hagle Station, nouveau spécimen de brahi- 
nite, 762.—P. Camboué. Sur les tremblements de terre a Madagascar, 
766.—F. C. Grand’ Eury. Développement souterrain, semences et affinités 
des Sigillaires, 879.—A. Daubrée. Météorite holosidére découverte a@ 
Vintérieur du sol en Algérie, 4 Haniel-el-Beguel, 930.—Stanislas Meunier. 
Altération remarquable du fer météorique de San Francisco del Mezquital, 
1028.—H. Le Chatelier. Sur la dilatation du quartz, 1046.—Dom Pedro 
Augusto de Saxe-Cobourg-Gotha. Fer oligiste spéculaire cristallisé de 
Bom Jesus dos Meiras, province de Bahia, Brésil, 1059.—Dom Pedro 
Augusto de Saxe-Cobourg-Gotha. Sur l’albite de Morro Velho, 1070.— 
P. Termier. Sur une phyllite nouvelle, la leverriérite, et sur les Bacilla- 
rites du terrain houiller, 1071.—B Renault. Sur un nouveau genre fossile 
de tige cycadéenne, 1073.—A. Michel Levy et L. Collot. Sur lexistence 
de la néphélinité 4 Rougiers, Var, 1124.—A. Lacroix. Surun sulfate de 
baryte naturel, nonoclinique et dimorphe de la barytine, 1126.—U. Le 
Verrier. Sur quelques roches des Maures, 1175.—L. Carez. Sur l’ex- 
istence de phénoménes de recouvrement dans les petites Pyrénées de 
PAude, 1181.—C. Contejean. Erosions éoliennes, 1208.—G. Vasseur et L. 


ie 1 
Carez. Sur une nouvelle Carte géologique de France au 599 999, 1260.—D. 


P. Gehlert. Sur la constitution du silurien dans la partie orientale du 
département de la Mayenne, 1262. 


Paris. Annales des Mines. Série 8°. Tome xii. 1°-3° livraisons 
de 1888. 1888. | 
Richesses minérales de la République du Transvaal, Bull. 552.—Mines 
dor, de cuivre et de plomb argentifére de la Région du Diahot (Nouyelle- 
Calédonie), Bull. 558.—Mines de turquoises de Nichapour, Province de 
Khoracan (Perse), Bull. 563. 


—. —. —. Tome xiv. 4°-6° livraisons de 1888. 
1888. 
Primat. Note sur les gites de mercure du Monte Amiata (Toscane), 
95.—L. Babu. Note sur l’ozokérite de Boryslaw et les pétroles de Sloboda 
(Galicie), 162. 


——. Annales des Sciences Géologiques. Tome xix. 1888. Pre- 
sented by MM. Hébert et A. Milne-Edwards. 
D. P. Céhlert. Etude sur quelques fossiles dévoniens de l’ouest de la 


France. No. 1.—W. Kilian. Description géologique de la montagne de 
Ture: ~ No: 2: 


SS a aiSeae 


: . Tome xx. Nos. 1-4. 1888-89. Presented by the 
Editors MM. Hébert et A. Milne-Edwards. 

W. Kilian. Description géologique de la montagne de Lure. No. 1.— 

G. de Saporta. Notions stratigraphiques et paléontologiques appliquées 

a l’étude du gisement des plantes fossiles d’Aix en Provence. No. 2.— 
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A. F. Marion. Deliostrobus Sternbergii. Nouveau genre de coniféres fos- 
siles tertiaires. No. 3.—P. Lévy. Des phosphates de chaux. De leurs 
principaux gisements en France et & ’étranger. No. 4.—H. Lasne. Con- 
tribution 4 l'étude géologique du département de l’Indre. No. 5. 


Paris. Annales des Sciences Géologiques. Tome xx. Nos. 1-4. 
1888-89. Purchased. 


——. Annales des Sciences Naturelles. Zoologie et Paléontologie. 
Tome v. Nos. d5et6. 1888. Purchased. 


ce ee eee Wei a IN, EG, SSS. JAuadanusad),. 
ee CU Ciscoe a, «©NOS 1G 2... 1589. Purchased. 


= Animales Hydrographiques. Sér. 2. 2° et 3° volume de 1888. 
1888. Presented by the Dépot de la Marine. 


——. Association Francaise pour lAvancement des Sciences. 
Compte Rendu de la 16™e Session. Toulouse, 1887. 1° Partie. 
1887. Purchased. 

E. Perrier. Les Coralliaires et les Iles Madréporiques, 80.—L. Collot. 
Sur lage de la bauxite, 226.—J. Vilanova y Piera. Sur les calcédoines 
enhydriques et leur vrai gisement, 229.—J. Vilanova y Piera. De la dé- 
couverte de deux espéces de Dinothertum en Espagne, 229.—P. Lazerges. 
Origine et causes des volcans et des tremblements de terre, 236.—C. Malaise. 
Sur le silurien de la Belgique, 238.—G. Marty. Les grottes de /Ariége 
et en particulier celle de Lombrive, 239.—F. Régnault. L’industrie 
primitive de ’homme dans la grotte de Gargas, 241.—F. Régnault. 
Squelette de loup trouvé dans la grotte de Gargas, 241.—G. Cotteau. 
Excursion a la grotte de Gargas, 242.—G. Marty. Etude sur les Gise- 
ments de mastodontes dans les sables tertiaires du Gers, 243.—G. Marty. 
Note sur le gisement de Tournan (Gers), 272.—A. Donnezan. Découverte 
d’une tortue fossile terrestre géante. Vertébrés du pliocéne supérieur du 
Roussillon, 273. 


; : ; 2 barile seo. 

A. Pomel. Sur le genre “ Thersitea” Coquand, singuliers mollusques 
gastéropodes particuliers au terrain Suessonien de l’ Algérie, 416 (226). 
—P. Rey-Lescure. Notice explicative sur la carte géologique du départe- 
ment du Tarn, 422 (229).—E. Fuchs. L’Isthme de Corinthe, sa constitution 
géologique, son percement, 431 (230).—J. Roussel. Sur la composition 
du Danien supérieur et de l’Kocéne des Petites Pyrénées des Corbiéres et de 
la Montagne Noire, 459 (232).—G. Rolland. Géologie de la Tunisie 
centrale, du Kef a Kairouan, 470 (234).—J. Bergeron. Etude géologique 
de la Partie S.-O. de la Montagne Noire, 477 (234).—Latellier. Carte 
Géologique des deux Cantons d’Alecon, 481 (235).—J. Bergeron. Etude 
géologique du Bassin Houiller de Carmoux, 492 (236).—E. Riviére. Le 
Gisement Quaternaire de Neuilly-sur-Marne (Seine-et-Oise), 496 (237). 
—E. Riviére. La Station Quaternaire ou Moustérienne de la Quina 
(Charente), 501 (237).—C. Barrois. Sur les faunes Siluriennes et Dévo- 
niennes de la Haute-Garonne d’aprés les découvertes de M. M. Gourdon, 
507 (238).—P. de Loriol. Sur les Echinides Crétacés du Portugal, 515 
(240).—G. Cotteau. Echinides Hocénes d’Aragon (Espagne), 518 (240). 
—A. Boissellier. Sur les plissements du Sol dans le Massif Vendéen, le 
Détroit du Poitou et le Bassin de la Charente, 524 (240).—-V. Gauthier. 
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Types nouveaux d’Echinides Crétacés, 527—D. Levat. Etude sur les 
gisements de Nickel, de Cobalt et de Chrome de la Nouvelle-Calédonie, 
534 (242). —Audoynaud. Importance agricole de la craie chloritée et 
des cae verts dans le sud-est de la France, 891 (344). 


[Numbers in( _) indicate page of Abstraet and Discussion in Part I.] 


Paris. Association Francaise pour lAvancement des Sciences. 
Compte Rendu de la 17™e Session. 1888. Oran. Parts1 &2. 
1888. Purchased. 

E. Riviére. Découverte Vun nouveau gisement quaternaire sur les 
bords de la Vezére. L’abri Pageyral, 239 (145). A. Pomel. Le sues- 
sonien 4 Nummulites et 4 Phosphorites des environs de Souk-Ahras, 
243 (176).—Ficheur. Esquisse géologique de la chaine du Djurjura, 
248 (181).—A. Pomel. Sur les boues geysériennes a quartz bipyramidé 
a gypse et a careneules des environs de Souk-Ahras, 262 (182).— 
Ficheur. Sur lage miocéne des dépdts de transport du versant sud du 
Djurjura, 266 (183). —G. Rolland. Les atterrissements anciens du 
Sahara, leur Age pliocéne et leur synchronisme avec les formations 
pliocénes d’eau douce de l’Atlas, 271 (183).—Excursions, 305 (177). 


[Numbers in (__) indicate page of Abstract and Discussion in Part I.] 


——. Comptoir Géologique de Paris. Annuaire Géologique 
Universel. Revue de Géologie et Paléontologie dirigée par L. 
Carez et H. Douvillé. Tomeiv. 1888. 


——. Journal de Conchyliologie. Série 3. Tome xxviii. Nos. 3 & 4. 
1888. Purchased. 

G. Dollfus et P. Dautzenberg. Descriptions de Coquilles nouvelles des 
Faluns de la Touraine, 243.—C. Mayer-Eymar. Description de Coquilles 
fossiles des terrains tertiaires inférieurs, 820.—L. Morlet. Description 
d’un genre nouveau de Mollusques fossiles de la famille des Ringiculide, 
329.—A. Laville. Description d’une nouvelle espéce fossile du genre 
Galeoda, 330.—M. Cossman. Note rectificative sur la nomenclature dun 
genre de Coquilles fossiles, 335, 


: Tome xxix. No.1. 1889.- Purchased. 
C. Mayer-Eymar. Description de Coquilles fossiles des terrains 

tertiaires inférieurs, 50.—C. Mayer-Eymar. Description de Coquilles 

fossiles des terrains tertiaires supérieurs, 59. 


——— 


—. Muséum d’Histoire Naturelle. Nouvelles Archives. Série 2. 
Tome ix. Fase. 2. 1887. 


. Série 2. ‘Tomex. Fase; 1. 1887 
= Gaudry. L’Actinodon, 1 


——. Revue Scientifique. Tome xli. Nos. 24-26. 1888. 


- . Tome xlii, Nos. 1-26. 1888. 

A. d’Assier. L’Age de la Terre, 110.—L. Carez. Le congrés oes 

Bi ue international, 609.—H. de Varigny. L’éruption de Krakatoa, 723. 
. Meunier. Action de Veau dans les phénoménes volcaniques et 

seismiques, 821. , 


—_ 
° 


Tome xliii, Nos. 1-24. 1889. 
LEE de Varigny. L’éruption de Krakatoa, 73. 
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Paris. Société Francaise de Minéralogie. Bulletin. Tome xi. 
os. 6-8. 1888. Purchased. 

HK. Jannettaz. Note sur la pharmacolithe de Sainte-Marie-aux-Mines 
(Vosges), 212.—L. Bourgeois. Sur la réproduction artificielle de Phydro- 
cérusite, sur la composition chimique de cette espéce minérale et sur la 
constitution du blane de céruse, 221.—C. Doelter. Sur la réproduction 
des micas, 225.—G. P. Charpentier. Goniometre de Wollaston pour les 
petits cristaux, 261.—L. J. Igelstrom. Feldspaths barytiques des mines 
de manganése de Sjdgrufvan, paroisse de Grythyttan, gouvernement 
d’Orebro, Suéde, 263.—F. Gonnard. Sur un nouveau gisement de 
dumortiérite, & Brignais (Rhone), 264.—F. Gonnard. Sur les filons de 
quartz de Charbonniéres-les- Varennes (Puy-de-Dome), 265.—F. Gonnard. 
Des figures de corrosion naturelle des cristaux de barytine du Puy-de- 
Dome, 269.—F. Gonnard. Sur le béryl de la pegmatite de la Grand’- 
Cote prés de St.-Amand-de-Tallende (Puy-de-Dome), 274.—Baret. 
Gypse des marais salants de Batz, Loire-Inférieure, 295.—L. J. Igelstrém. 
Langbanite de Sjogrufvan (Suéde), 297.—F. Pisani. Notices minéra- 
logiques, 298.—E. Mallard. Sur la Sellaite, 302.—H. Mallard. Sur la 
forme crystalline du ferro-chréme, 304.—KE. Mallard. Sur quelques 
substances cristallisées préparées par Ebelmen, 305. 


— . ——. Tome xii. Nos. 1-4. 1889. Purchased. 
C. L. Frossard. Dipyre de la Serre de Pouzac, 9.—P. Termier. Note 
sur un quartz corrodé dans une microgranulite des environs d’Osaka, Japon, 
10.—F. Gonnard. Sur les minéraux accidentels des gneiss de l’ile Barbe 
et des bords de la Sadne, prés de Lyon, 13.—A. Lacroix. Description de 
nouveaux minéraux: Sperrylite, Beryllonite, 17.—L. J. Igelstrom. Plomb 
natif de la mine de Sjégrufvan, Suéde, 22.—H. Dufet. Sur la variation 
de forme cristalline dans les mélanges isomorphes: sulfates de zine et de 
maenésie, 22.—G. Wyrouboff. Note sur la composition de Vobsidienne 
d@’Obock, 31—F. Fouqué. Etude d’une météorite de la chute de Beuste, 
Basses-Pyrénées, 32.—F. Fouqué. Sur le bleu égyptien ou vestorien, 
36.—F. Pisani. Sur la cuprodes cloizite du Mexique et divers autres 
vanadates, 38.—F. Pisani. Rectification 4 une note sur le zircon de 
Binnen, 44.—A. Lavenir. Sur la martite, 49.—Lecoq de Boisbaudran. 
Sur les sulfates mixtes de cuivre et de nickel, 55.—A. Michel-Lévy et 
Termier. Note sur un nouvel exemple d’association d’andalousite et de 
sillimanite 4 axes paralléles, 56.—A. Lacroix. Andalousite et sillimanite 
de la vallée de Barousse, Hautes-Pyrénées, 59.—A. Sella. Sur la sellaite, 
60.—G. Cesaro. Sur le prisme octagonal de lapophyllite, 62.—Stanislas 
Meunier. Sur la matiére noire de la chantonnite, 76.—A. Lacroix. 
Contributions a l’étude des gneiss & pyroxéne et des roches & werné- 
rite, 83, 


——. Société Géologiquede France. Bulletin. Sér.3. Tome xv. 
see Woe Ge. Isteler 


Réunion extraordinaire dans la Charente-Inférieure et dans la Dor- 
dogne, 803. 


ee ome. xvi NOSe elo or 


1888. 

C. de Stefani. Excursion dans les Alpes-Maritimes, prés de Savone, 
68.—M. Bertrand. Notes et additions sur le Pli du Beausset, 79.—L. de 
Launay. Note sur les Porphyrites de l’Allier, 84.—A. Michel-Lévy. 
Origine des terrains cristallins primitifs, 102A. Fournier. Documents 
pour seryir a l'étude géologique du détroit poitevin, 115.—A. de Lapparent. 
Mode de formation des Vosges, 181.—P. W. Stuart-Menteath. Sur la 
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Carte Géologique des Basses-Pyrénées, 184.—G. Rolland. Géologie de 
la région du lac Kelbia et du littoral de la Tunisie centrale, 187.—J. 
Bergeron. Note sur les terrains primitif, archéen, cambrien et silurien du 
yersant méridional de la Montagne-Noire, 210.—A. Michel-Lévy. Note 
sur les roches éruptives et crystallines des montagnes du Lyonnais, 216.— 
F. Sacco. Sur Vorigine du loess en Piémont, 229.—C. de Lacvivier. Con- 
tribution a l’étude des Terrains crétacés de l Ariége et de !Aude, 246,— 
M. Mieg. Note sur un sondage, exécuté a Dornach (prés Mulhouse) en 
1869, 32.—M. Mieg. Notice bibliographique sur le Guide du Géologue 
en Lorraine, par M. le Dr. Bleicher, 265.—A. Riche. Note sur la 
constitution géologique du plateau Lyonnais et particuliérement sur les 
dépots d’alluvions le recouvrant, 268.—J. Bergeron. Note sur la présence 
de la Faune primordiale (Paradoxidien) dans les environs de Ferrals-les- 
Montagnes (Hérault), 282.—A. de Lapparent. Note sur le Relief de 
Vécorce, d’aprés M. John Murray, 286.—A. de Grossouvre. Observations 
sur l’origine du terrain sidérolithique, 287.—L. de Launay. Etude sur Je 
terrain permien de |’Allier, 298.—Roussel. Réponse & MM: Viguier 
et de Lacvivier, 337.—C. Depéret. Observations sur la note posthume de 
Fontannes sur les terrains traversés par le tunnel de Collonges, 389,—M. 
Boule. Note sur le Bassin tertiaire de Malzieu (Lozére), 341.—Augé, 
Note sur la Bauxite, son origine, son age et son importance géologique, 345. 
—G. de Rouville. Sur le Permien de l’Hérault, 350.—A. de Grossouvre. 
Etudes sur l’Etage Bathonien, 366.—C. Schlumberger. Note sur les Fora- 
miniféres fossiles de la province d’Angola, 402.—B. Lotti. Sur les 
roches métamorphosées pendant les ages tertiaires dans l’Italie centrale, 
406.—P. W. Stuart-Menteath. Sur le terrain dévonien des Pyrénées- 
Occidentales, 410.—A. Bigot. Observations géologiques sur les Les 
Angilo-Normandes, 412.—A. Bigot. Note sur les Homalonotus des grés silu- 
riens de Normandie, 419.—C. Schlumberger. Note sur les Holothuridées 
du Calcaire grossier, 437.—A. Pomel. Notes d’Echinologie synonymique, 
44],—_K. Hébert. Remarques sur la zone a Belemnitella plena, 485.—U. 
Le Verrier. Note sur les causes des Mouvements Orogéniques, 492.—L, 
Carez. Note sur le terrain crétacé de la vallée du Rhone et specialement 
des environs de Martiques (Bouches-du-Rhone), 504.—Martel. Sur la 
formation géologique de Montpellier-le- Vieux (Aveyron), 509.—P. Lebes- 
conte. La théorie qui considére les Cruzcwna comme des contre-moulages 
de pistes d’animaux ne peut plus exister, 512.—M. Bertrand. Sur les 
bassins houillers du Plateau Central de la France, 517.—L. Faurot. Sur 
les sédiments quaternaires de l’ile de Kamarane (Mer Rouge) et du golfe 
de Tadjoura, 528.—C. Brongniart. Sur un nouveau Poisson fossile du 
terrain houiller de Commentry (Allier), Plewracanthus Gaudryi, 546.—R. 
Zeiller. Flora fossile du bassin houiller de Valenciennes, 552.—C. Depéret. 
Note sur l’existence d’un horizon a faune saumatre dans l’étage turonien 
supérieur de la Provence, 559.—M. Bertrand. Sur la distribution géo- 
graphique des roches éruptives en Europe, 573.—Ternier. Note sur 
trois roches éruptives interstratifiées dans le terrain houiller du Gard, 
617.—E. Sauvage. Sur les Reptiles trouvés dans le Portlandien supérieur 
de Boulogne-sur-Mer, 623.—D. P. Cihlert. Note sur quelques Pélécy- 
podes dévoniens, 633.—W. Kilian. Sur quelques fossiles du Crétacé 
inférieur de la Provence, 663.—R. Zeiller. Sur la présence, dans le grés 
bigarré des Vosges, de l’Acrostichides rhombifolius, Fontaine, 693.—H. 
Douvillé. Etudes sur les Caprines, 699.—E. Hébert. Le terrain crétacé 
des Pyrénées, 731.—M. Bertrand. Nouvelles études sur la chaine de la 
Sainte-Beaume. Allure sinueuse des plis de la Provence, 748.—J. Seunes. 
Note sur le Crétacé supérieur des Pyrénées occidentales, 779.—J. Seunes. 
Echinides crétacés des Pyrénées occidentales, 791—M. Chaper. Note 
sur les prétendus combustibles minéraux du territoire d’Obokh, 816.—J. 
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Roussel. Sur l’Age des calcaires cristallins des Pyrénées, 820,—J. 
Roussel. Nouvelles observations sur les terrains primaires et les terrains 
secondaires des Pyrénées, 829. 


Paris. Société Géologique de France. Mémoires. Série 3. Tome v. 
Bariiesieyy Leos. 
H. Filhol. Etude sur les Vertébrés Fossiles d’Issel (Aude), 1. 


Penzance. Royal Geological Society of Cornwall. Transactions. 
Vol. xi. Part 3. 1888. 
Sir Warington Smyth. Anniversary Address, 121.—R. N. Worth. 
Some Detrital Deposits associated with the Plymouth Limestone, 151. 


Philadelphia. Academy of Natural Sciences. Journal. 2nd Series. 
Wolkix. Part 2: 51838; 
W. B. Scott. On some new and little-known Creodonts, 155.—H. F. 
Osborne. On the Structure and classification of the Mesozoic Mam- 
malia, 186. 


: Proceedings, 1888. Parts2&3. 1888. 

E. N.S. Ringueberg. Some new Species of Fossils from the Niagara 
Shales of Western New York, 131.—G. A. Koenig. Note on Eleonorite 
from Sevier Co., Arkansas, 139.—O. Meyer. Upper Tertiary Inverte- 
brates from the west side of Chesapeake Bay, 170.—C. Ochsenius. On the 
formation of Rock-salt Beds and Mother-liquor Salts, 181.—C. R. Keyes. 
On the Fauna of the Lower Coal-measures of Central Iowa, 222.—C. R. 
Keyes. Descriptions of two new Fossils from the Devonian of Iowa, 247. 
—H.F. Osborn. Additional observations upon the Structure and Classifi- 
cation of the Mesozoic Mammalia, 292.—C. Wachsmuth and F. Springer. 
Discovery of the Ventral Structure of Tavocrinus and Haplocrinus and 
consequent modifications in the Classification of the Crinoidea, 337.— 
C. Wachsmuth and F. Springer. Crotalocrinus, its Structure and Zoolo- 
gical position, 364.—C. Morris. Theories of the Formation of Coral 
Islands, 419. 


——. American Philosophical Society. Proceedings. Vol. xxv. 
Nos. 127 & 128. 1888. 

P. R. Uhler. The Albirupean formation and its nearest Relatives in 
Maryland, 42.—E. D. Cope. On the Dicotyline of the John Day Mio- 
cene of North America, 62.—E. D. Cope. On the Mechanical Origin of 
the Dentition of the Amblypoda, 80.—P. Meyer. On Miocene Inverte- 
brates from Virginia, 135.—T. Sterry Hunt. The Classification and 
Nomenclature of Metalline Minerals, 170. 


: Transactions. N.S. Vol. xvi. .Part 2. 1888. 

E. D. Cope. Systematic Catalogue of the Species of Vertebrata found 
in the beds of the Permian Epoch in North America; with Notes and 
Descriptions, 285.—E. D. Cope. Synopsis of the Vertebrate Fauna of 
the Puerco Series, 298.—E. D. Cope. On the Shoulder-girdle and Extre- 
mities of Hryops, 362. 


—E 


Photographic Society of Great Britain. Journal and Transactions. 
Neo vol xt. Noon elses: 


——. ——. Vol. xiii. Nos. 1-8. 1888-89. 
Physical Society of London. Proceedings. Vol. ix. Parts 3 & 4, 
1888. 
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Physical Society of London. Proceedings. Vol.x. Partl. 1889. 


Pisa. Societa Toscana di Scienze Naturali. Atti. Memorie. Vol. ix. 
1888. 
A. Issel. La caverna della Giacheira presso Pigna (Liguria occiden- 
tale), 115.—E. Di Poggio. Cenni di geologia sopra Matera in Basili- 
cata, 307. 


——. ——. ——. Processi Verbali. Vol. vi. Pp. 73-82. 
1888. 


Vol. vi. Pp. 105-210. 1888. 

E. Di Poggio. Fossili delle Caverne ossifere di Matera (Basilicata), 
110.—V. Simonelli. Pesci fossili del Val d’Arno, 158.—E. Di Poggio. 
Di alcuni resti umani nel tufo di Matera in Basilicata, 160,—D. Panta- 
nelli. Note geologiche sullo Scioa, 164.—C. De Stefani. I] calcare di 
Bismantova nel Reggiano, 185.—M. Canavari. Idrozoi fossili di monte 
Tirolo in Calabria, e ‘del?’ isola di Capri, 197.—M. Canavari. Riassunto 
della memoria ‘Contribuzione alla fauna del Lias inferiore di Spezia,’ 
198.—M. Canavari. Notizia di alcuni Gasteropodi del Lias inferior 
della montagna di Cetona, 201. 


Plymouth. Devonshire Association for the Advancement of Science, 
Literature, and Art. Report and Transactions. Vol. xx. 
1888. 

T. Andrew. Some notes on the Well at the Exeter City Asylum, 128. 
—W. A. E. Ussher. The Granite of Dartmoor, 141.—A. Somervail. 
On the Metamorphic and associated Rocks of the extreme south of 
Devonshire, 214.—A. R. Hunt. The Raised Beach on the Thatcher 
Rock; its Shells and their teaching, 225.—T. Andrew. Some notes on 
a natural Pipe from a Sand-pit in the Breccia Series, in the Parish of 
Heavitree, 8378.—G. W. Ormerod. Notes on Deep Borings at the Water- 
works, and in the Trias, at Teignmouth, Devon, 391.—R. N. Worth. 
The Limestones of the Plymouth District, 410. 


eS )SEcdEEttrra: ‘Volume. The Devonshire Wome 
day. Part 5. 1888. 


——. Plymouth Institution and Devon and Cornwall Natural 
History Society. Annual Report and Transactions. Vol. x. 
Part 1 (1887-88). 1888. 

R. N. Worth. The Cattedown Bone-cave, 10.—H. Fox. Recent 

geological work at the Lizard, 118. 


Quekett Microscopical Club. Journal. Ser. 2. Vol.ii. Nos. 22— 
24. 1888-1889. 


B. W. Priest. On some remarkable Spicules from the Oamaru De- 
posit, 254. 


Research. Vol.i. Nos. 1-12. 1888-89. 

A. Norman Tate. Scientific aspect of Health Resorts: Harrowgate, 5 ; 
Buxton, 20; Pitlochry, 70; Tay valley, 85, 105.—O. W. J. Geological 
Rambles: Charnwood Forest, 26, 53.—T. Mellard Reade. Theories of 
Mountain Formation, 36, 52, 67 ; 82, 102.—Valleys, Ravines, and Under- 
ground Streams, 38.—E. Wilson. The Durham Salt District, 92, 108,.— 
J. Lomas. A Scotch Volcano, 123.—LHarthquake in Lancashire, 150.— 
Diamonds in Meteorites, 150.—C. Lapworth. On the Red Rocks of 


ADDITIONS TO THE LIBRARY. 135 


Cheshire, 173.—G. H. Morton. The Carboniferous Limestone near 
Llangollen, 190.—J. 8. Hyland. Granite, from a Geological and Heo- 
nomic Standpoint, 213. 


Rochester. The Rochester Naturalist. No. 1. 1883. Presented 
by W. Whitaker, Hsq., F.RS., PGS. 
C. Bird. The Geography and Geology of the Rochester District, 4. 


Rome. Reale Accademia dei Lincei. Atti. Serie 4. Rendiconti. 
Vol.iv. Fasc. 2-13. 1Semestre. 1888. 

C. Montemartini. ‘Sulla composizione chimica e mineralogica delle 

roccie serpentinose del Colle di Cassimoreno e del Monte Ragola, 369.—E. 


Artini. Alcune nuove osservazioni sulle zeoliti di Montecchio Maggiore, 
536. 


——— ————. Volbiv. Pascal —i2 ace 


mestre. 1888. 
T. Taramelli e G. Mercalli. Alcuni risultati di uno studio sul terre- 
moto ligure del 23 febbraio 1887, 3. 


: Cees Se —— Wooly lapse, let 1 See 
mestre. 1889. 


——. R.Comitato Geologico d’ Italia. Bollettino. 1887. Anno 
xvii.) SS. 

L. Mazzuoli. Sul carbonifero della Liguria occidentale, 6.—B. Lotti. 
Le roccie eruttive feldspatiche dei dintorni di Campiglia Marittima 
(Toscana), 27.—A. Portis. I chelonii quaternarii del bacino di Leffe in 
Lombardia, 50.—E. Mattirolo. Sugli scisti argillosi della nuova galleria 
dei Giovi, 65.—P. Moderni. Note geologiche sul gruppo volcanico di 
Roccamonfina, 74.—E. Clerici. Il travertino di Fiano Romano, 99.—F. 
Sacco. Li’ anfiteatro morenico di Rivoli, 141.—B. Lotti. I giacimenti 
ferriferi del Banato e quelli dell’ Elba, 197.—B. Lotti. Sulla frana di 
Monterzi presso Volterra, 202.—L. Bucca. La roccie dell’ isola di 
Capraia nell’ arcipelago toscano; studio micrografico, 207.—C. De Ste- 
fani. Le ligniti del bacino di Castelnuovo di Garfagnana, 212. L. Maz- 
zuoli. Sulla relazione esistente nelle riviere liguri fra la natura litologica 
della costa e quella dei detriti che costituiscono la spiaggia, 261.—B. Lotti. 
Le condizioni geologiche di Firenze per le trivellazioni artesiane, 268.—L. 
Bucea. Studio micrografico sulle roccie eruttive di Radicofani in Tos- 
cana, 274.—K. Clerici. Sopra i resti di Castoro finora rinvenuti nei 
dintorni di Roma, 278.—D. Zaccagna. Sulla geologia delle Alpi occi- 
dentali, 346.—A. Portis. Sulla scoperta delle piante fossili carbonifere 
di Viozene nell’ alta valle del Tanaro, 417.—J. F. Williams. II] Monte 
Amiata nella Toscana meridionale e le sue roccie, 285. 


: : wa lssss4) Anno xix.) 1383: 

L. Mazzuoli. Sul modo di formazione dei conglomerati miocenici dell’ 
Appenino ligure, 9.—B. Lotti. Un problema stratigrafico nel Monte 
Pisano, 30.—A. Portis. Sui terreni attraversati dal confine franco-italiano 
nelle Alpi marittime, 42.—L. Bucca. Contribuzione allo studio petro- 
erafico dei vulcani Viterbesi, 57.—F. Sacco. Studio geologico delle col- 
line di Cherasco e della Morra in Piemonte, 69.—A. Portis. Sul modo 
di formazione dei conglomerati miocenici della collina di Torino, 81.—A. 
Masearini. Le piante fossili nel travertino Ascolano, 90.—E. Cortese. 
Appunti geologici sull’ isola di Madagascar, 103.—O. Silvestri. Sopra 
alcune lave antiche e moderne del vulcano Kilauea nelle Isole Sandwich, 

VOL. XLV. rr) 


————— 
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128, 168.—E. Clerici. Sopra alcune specie di felini della Caverna al 
Monte delle Gioje presso Roma, 149.—E. Cortese. L’ eruzione dell’ 
Isola Volcano veduta nel settembre 1888, 213.—C. De Stefani. Appunti 
sopra roccie vulcaniche della Toscana, 221_—V. Novarese. Esame 
microscopico di una trachite del Monte Amiato, 225.—B. Lotti. I 
Monte di Canino in provincia di Roma, 231.—F. Sacco. I] pliocene 
entroalpino di Valsesia, 277.—B. Lotti. I giacimenti cupriferi dei din- 
torni di Vagli nelle Alpi Apuane, 295.—B. Lotti. Nuove osservazioni 
sulla geologia della Montagnola Senese, 341.—K. A. Weithofer. Alcune 
osservazioni sulla fauna delle ligniti di Casteani e Montibamboh, 5363. 


Rome. Societa Geologica Italiana. Bollettino. Vol. vii. 1888. 
Fase. 2 & 3. 1888-89. 

E. Clerici. Sulla Corbicula fluminalis dei dintorni di Roma e sui fos- 
sili che |’ accompagnano, 105.—A.Secco. Il piano ad Aspidoceras 
acanthicum, Op., in Collalto di Solagna, 129.—F. Sacco. II cono di deje- 
zone delle Stura di Lanzo, 135.—A. Neviani. Le formazioni terziarie 
nella valle del Mesima, 11—C. DeStefani. Precedenza del Pecten Ange- 
lon, Meh., al P. histriv, Dod., 167.—A. Tellini. Le nummulitidee terzi- 
arie dell’ Alta Italia occidentale, 169.—C. De Stefani. Origine del porto 
di Messina e di alcuni interrimente lungo lo stretto, 231—F. Bassani. 
Sopra una nucva specie di Ephippus scoperta nell’ eocene medio di Val 
Sordina presso Lonigo (Veronese), 279.—E. Mariani. Foraminiferi del 
calcare cretaceo del costone di Gavarno in Val Seriania, 283.—G. Anto- 
nelli. Contributo alla flora fossile del suolo di Roma, 293.—C. Fornasini. 
Di alcune Textularie plioceniche del Senese, 316.—E. Clerici e 8. Squi- 
nabol. La duna quaternaria del capo delle Mele in Liguria, 319.—V. 
Rambotti e A. Neyiani. Cenni sulla costituzione geologica del litorale 
‘Jonico da Cariatia Monasterace, 325.—M. Malagoli. Foraminiferi plio- 
cenici di Ca di Roggio nello Scandianese, 367.—G. Ristori. Crostacei 
piemontesi del miocene inferiore, 597.—E. Clerici. Contribuzione alla 
flora dei tufi vulcanici della provincia di Roma, 415.—E. Cortese. Sulla 
origine del porto di Messina e sui movimenti del mare nello stretto, 416. 


Royal Agricultural Society of England. Journal. Ser. 2. Vol. xxiv. 
Part 2 1883. 


—. ——. ——. Vol. xxv. Partl. No. 49. 1889. 

Royal College of Surgeons of England. Calendar, 1§88. 1888. 

Royal Geographical Society. Proceedings. Vol. x. Nos. 7-12. 
1888. 


T. S. Lea. The Island of Fernando do Noronha in 1887, 424.—F, 
Jeppe. The Kaap Gold-fields of the Transvaal, 458—W. J. L. Wharton. 
Account of Christmas Island, Indian Ocean, 615.—H. H. Johnston. The 
Bantu Borderland in Western Africa, 633.—The Earthquakes of May and 
June 1887 in the Verny (Vernoe) district, Russian Turkestan, and their 
consequences, 638.—G. Langen. The Key, or Ké, Islands, 764.—D. W. 
Freshtield. A note on the Conservative Action of Glaciers, 779.—D. W. 
Freshfield. The Peaks, Passes, and Glaciers of the Caucasus, 677. 


: Vol. xi. Nos. 1-6. 1889. 

W. Spotswood Green. Explorations in the Glacier Regions of the 
Selkirk Range, British Columbia, in 1888, 153. 
Royal Institution of Great Britain. Proceedings. Vol. xii. Part 2. 


No. 82. 1889. 
J. Murray.—Structure, Origin, and Distribution of Coral Reefs and 


——E 
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Islands, 251.—A. Renard. La Réproduction artificielle des Roches 
voleaniques, 330.—J. A. Ewing. Earthquakes, and how to measure 
them, 361. 


Royal Meteorological Society. Quarterly Journal. 1888. Vol. xiv. 
Nos. 67 & 68. 1888. 


——. 1889. Vol. xv. Nos. 69 & 70. 1889. 


Royal Microscopical Society. Journal. 1888. Parts4—-6a. 1886. 
W. Howchin. Additions to the Knowledge of the Carboniferous 
Foraminifera, 535. 


—. ——. 1889. Parts1-3. 1889. 
Royal Society. Philosophical Transactions. Vol. clxxix. Part A. 
1839. 


, a Vol-velxxix) 7 Partha sso: 

W.C. Williamson. On the Organization of the Fossil Plants of the 
Coal-measures. Part xiv., 47.—H. G. Seeley. ‘Researches on the Struc- 
ture, Organization, and Classification of the Fossil Reptilia. Part 11., 59; 
Part ii., 141; Part v., 487.—Sir R. Owen. On parts of the Skeleton of 
Meiolania platyceps, Ow., 181.—K.T. Newton. On the Skull, Brain, and 
Auditory organ of a new species of Pterosaurian (Scaphognathus Purdont) 
from the Upper Lias near Whitby, Yorkshire, 503. 


——. Proceedings. Vol. xliv. Nos. 268-272. 1888. 

J. ©. M‘Connel. On the Plasticity of Glacier and other Ice, 331.—W. 
C. Williamson. On the Organization of the Fossil Plants of the Coal- 
measures. Part xv., 307. 


: Vol. xlv. Nos. 273-279. 1889. 

G. H. Darwin. On the Mechanical Conditions of a Swarm of Meteo- 
rites and on Theories of Cosmogony, 3.—Sir R. Owen. Description of 
the Skull of an extinct Carnivorous Marsupial of the size of a Leopard 
(Thylacopardus australis, Ow.), from a recently-opened cave near the 
“ Wellineton Cave” locality, New South Wales, 99.—W. C. Williamson. 
On the Organization of the Fossil Plants of the Coal-measures. Part xvi., 
438.—G. Harley. The Structural Arrangement of the Mineral Matters 
in Sedimentary and Crystalline Pearls, 612. 


——. Report of the Krakatoa Committee. The Eruption of 
Krakatoa. HKdited by G. J. Symons. 4to. 1888. 


Rugby. Rugby School Natural History Society. Report for the 
Weardses:) [ss9” 


Saint John, N.B. Natural History Society of New Brunswick. 
Bulletin. No.7. 1888. 


St. Petersburg. Académie Imperiale des Sciences. Bulletin. 
Tome xxxil. Nos. 2-4. 1888. 

——. -——. Mémoires. Ser. 7. Tome xxxvi. Nos. 1-18. 
1888-89. 


EH. Mojsisovies von Mojsvar. Ueber einige arktische Trias-ammoniten 
des nordlichen Sibirien, No. 5.—N. v. Kokscharow. Beitrage zur Kennt- 
n 2 
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niss der Krystallisation des Klinochlors und iiber der Krystallsystem und 
die Winkel des Kotschubeits, No. 10.—J. V. Rohon. Ueber fossile 
Fische yom oberen Jenissei, No. 13. 


San José. Museo Nacional, Repiblica de Costa Rica. Anales. 
Tomoi. 1888. 


Santiago. (Valdivia.) Deutsche wissenschaftliche Verein. Ver- 
handlungen. Heft 5. 1887. 


Shanghai. China Branch of the Royal Asiatic Society. Journal. 
NES. Vol. xxi) Nos,o & GaNeles 7c 


—. ——. —. —. Vol. xxii. No.l. 1888. 


Society of Amateur Geologists. Proceedings. Vol. i. Nos. 1-3. 
1888. 

W.Semmons. The Metallic Ores of Cornwall, 1.—J. L. Lobley. The 
Geological Age of Mountains, 13.—A. H. Williams. The Lizard Dis- 
trict, 16.—G. A. J. Cole. Some older Volcanic Areas of Britain, 18.—G. 
F. Harris. The Water Supply of the Metropolis, 21—W. J. L. Abbott. 
The Work of Prehistoric Artizans, 24.—G. 8. Boulger. Geology of the 
Isle of Purbeck, 27.—W. C. Ross. The Silver-ore Deposits of New 
South Wales, 32.—J. T. Day. Some notes on a Chalk Section at 
Grays, 37. 


Society of Arts. Journal. Nos. 1857-1884, 1888. 
—. —. Nos. 1885-1908. 1889. 


Society of Biblical Archeology. Proceedings. Vol. x. Part 8. 
1888. 


Se eee, VOL xt, Parts l=7. sececos 


Stockholm. Geologiska Foreningen. Forhandlingar. Band x. 
Hafte 5-7. 1888. 

J.C. Moberg. Om fordelningen af Sveriges vigtigare kritforekomster 
pa tv& skilda backen, 308.—A. E. Térnebhom. Om fjallproblement, 328. 
—O. E. Schidtz. Nogle Bemerkninger om Oiegneisen 1 Sparagmit-Qvarts- 
Fjeldet langs Rigsgreensen, 337.—J. E. Alen. Undersdkning af post- 
glacial lera (“ svartlera”’) fran Goteborg, 341.—E. Svedmark. Pyroxen- 
och amfibolférande bergarter inom sydvestra Sveriges urberg, 345.—G. 
Holm. Meddelande om forekomsten af Ancylus-grus pa Oland, 364.—G. 
De Geer. Om Skandinaviens nivaforandringar under quartarperioden, 
366.—G. Flink och A. Hamberg. Om Iistalliserad Sarkinit (polyarsenit) 
frin Harstigserufvan vid Pajsberg, 380.—N. O. Holst. Om ett fynd af 
uroxe i Rakneby, Ryssby socken, Kalmarlan, 467.—E. Svedmark. 
Bergshandteringen i Sverige aren 1886 och 1887,477.—K. J. V. Steenstrup. 
Om Flyvesandet Indvirking paa Rullestenenes Form, 485.—F. Trybom. 
Bottenprof frén svenska insjoar, 489.—L. J. Igelstrom. Mineralogiska 
meddelanden vi—vii., 416.—E. Erdmann. Nagra uppegifter om meteorer 
sedda i Sverige fren 1846-69, 419.—-A. Sjogren. Muneralogiska notiser 
XIV., 441. 


5 5 . Band xi. Hafte 1-4. 1889. 
E. Svedmark. Meteorer iakttagna inom Sverige 4r 1888, 17._S. F. 
Mortstedt. Om forekomst af grufgas, metylvate, 1 Norra Sundserufyan 
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vid Gammelkroppa i Vermland, 22—A.Hamberg. Mineralogische Stu- 
dien I.-II., 25.—N. O. Holst. Om en miktig qvartsit, yngre an Olenus- 
skiffern, 33.—L. J.Igelstr6m. Mineralogiska meddelanden vili., 36.—A. 
G. Nathorst. N&gra ord om férkastuingarne i Skane, 87.—A. KE. Torne- 
bohm. Nagra notiser fran en geologisk resa i Telemarken, 46.—B. Lund- 
even, Om kritfaunan vid Tormarp i Halland och de hallandska kaitbild- 
ningarnes forh@llande till dfriga svenska, 63.— EH. Erdmann. Huru bora 
kartbladsserier lampligast forvaras och anordnas for enskildt bruk?, 73. 
—E.Svedmark. Meddelanden om jordstitar i Sverige, 77.—N. O. Holst. 
Bidrag till fragan om tiden for vara subfossila oxarters utdoende, 87.—P. 
W. Strandmark. Om jékelelfvar och rullstensdsar, 93.—E. Svedmark. 
Meteorer iakttagna inom Sverige fr 1888, 119.—A. G. Hoghbom. Om 
qvartsit-sparagmitomradet mellan Storsjon 1 Jemtland och Riksgransen 
séder om Rogen, 123.—G. Lindstrom, Ytterligare om wismutmineralen 
fran Gladhammar, 171.—O. Gumeelius. Nagra anmarkningar med anled- 
ning af P. W. Strandmarks asteori, 191.—G. De Geer. Om forekomsten 
af Rissoa parva, Da Costa, pa Aland, 205.—L. J. Mineralogiska medde- 
landen ix., 209.—A. Hamberg. Mineralogische Studien ii.—vi., 212. 


Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Palion- 
tologie. 1888. Bandi. Hefte2&3. 1888. 

R. Pohlmann. LEinschliisse von Granit in Lamprophyr (Kersantit) des 
Schieferbruches Barenstein bei Lehesten in Thuringen, 87.—L. J. Igel- 
strom. Arseniopleit, ein neues Mineral von der Hausmannit- und Braunit- 
erube Sjocrufvan, Kirchspiel Grythyttan, Gouvernement Orebro, Schwe- 
den, 117.—A. Scacchi. Katalog der vesuvischen Mineralien mit Angabe 
ihrer Zusammensetzung und ihres Vorkommens, 125.—-A. Streng. Ueber 
einige mikroskopisch-chemische Reaktionen, 142.—A. Cathrein. Ueber 
primare Verwachsung von Rutil mit Glimmer und Hisenerz, 151.—E. 
Dathe. Hinige Berichtigungen zu Dr. H. Traube’s: Die Minerale Schle- 
siens, 166.—H. Trautschold. Ueber das ligurische Hrdbeben vom 25 
Febr., 1887, 169.—O. Zeise. Ueber ein neues Vorkommen von mitteloli- 
gocinem Septarienthon bei Burg in Ditmarschen, 170.—W. Waagen. 
Mittheilung eines Briefes von Herrn A. Derby uber Spuren einer carbonen. 
Eiszeit in Stidamerika, sowie einer Berichtigung Herrn J. Marcou’s, 172. 
C. Dolter. Ueber die kinstliche Bildung von Muscovit, Biotit und 
Lepidolith, 178.—G. Berendt und F. Wahnschaffe. Zuruckweisung des 
von Herrn Stapff tiber die Eiszeit in Norddeutschland gefallten Urtheils, 
180.—A. Streng. Ueber den Dolerit von Londorf, 181.—F. v. Sand- 
berger. Bemerkungen iiber die Mineralien und Felsarten (Hypersthenit 
und Olivinfels) aus dem Phonolith der Heldburg bei Coburg, 247.—E. 
Rethwisch. Ueber die Grunddimensionen des Pyrargyrits, 251.—H. 
Traube. Mineralogische Mittheilungen, 252.—J. von Siemiradzki. Ueber 
“* Labyrinthodon Rutimeyert, Wiedersheim,” 257. 


1889. Bandi. Hefte 1-3. 1889. 

Max Bauer und R. Brauns. Beitrag zur Kenntniss der krystallogra- 
phischen und pyroelektrischen Verhaltnisse des Kieselzinkerzes, 1.—H. 
Dunker. Ueber die Temperatur-Beobachtungen im Bohrloche zu Schla- 
debach, 29.—L. J. Igelstrom. Analyse eines hell-strohgelben Pyrrho- 
arsenits von Sjogrufvan, Kirchspiel Grythyttan, Gouvernement Orebro, 
Schweden, und tuber die schwedischen Antimoniate im Allgemeinen, 48.— 
EK. Hess. Ueber Polyéderkaleidoskope und deren Anwendung auf die 
Krystallographie, 54.—A. Nehring. Ueber den Charakter der Quartir- 
fauna von Thiede bei Braunschweig, 66.—K. Schneider. Umwandlung 
des Titanits in Perowskit, 99.—F. M. Stapff. Nichtigheit des von den 
Herren Berendt und Wahnschaffe in diesem Jahrbuch fir Mineralogie ete. 
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1888, ii. 2 gefallten Urtheils tiber meine “ Niveauschwankungen zur 
liiszeit,’ 100.—E. v. Fellenberg. Ueber Jadeit vom Piz Longhin, Ber- 
vill, 103.--G. Berendt und F. Wahnschaffe. Zur Beurtheilung der ver- 
imeintlichen “ Richtigstellung” seitens des Herrn Stapff vom 10 September 
1888, 110.—R. Brauns. Ueber Aetzfiguren an Steinsalz und Sylvin, 
zwillingsstreifung bei Steinsalz, 118.—O. Mugge. Ueber die Krystallform 
des Brombaryums Ba Br, . 2H,O und verwandter Salze und tber Defor- 
mationen derselben, 150.—E. Kayser. Ueber das Devon in Devonshire 
und im Boulonnais, 179.—L. Darapsky. Ueber Krohnit, 192.—H. 
Traube. Ueber ein Vorkommen von Eklogit bei Frankenstein in Schlesien, 
195.—Winkler. Berichtigung, 200 —H. Finkelstein. Nachtrage zur Bra- 
chiopodenfauna des Laubensteins, 201—W. D. Dames. Ueber Gigant- 
ichthys und Onchosaurus, 201.—A. G. Nathorst. Ueber das Vorkommen 
der Gattung Ptilozamites in rhatischen Ablagerungen Argentiniens, 202. 
—KE. Tole. Ueber das Vorkommien von Foraminiferen im Silur der neu- 
sibirischen Insel Kotelny, 203.-A. Nehring. Diluviale Wirbelthiere 
von Pésneck in Thiiringen, 205.—E. Cohen. Chemische Untersuchung 
des Meteoreisens yon 8. Juliao de Moreira, Portugal, sowie einiger an- 
deren hexaédrischen Hisen, 215.—C. Rammeisberg. Ueber den Vesuvian 
vom Piz Longhin, 229.-—-O. Mugge. Mineralogische Notizen, 231.—G. 
Greim. Ueber Aetzfiguren an Diopsid und Spodumen, 252.—F. Sandber- 
ger. Verschiedene Generationen und Modificationen des Schwefelzinks 
auf rheinischen und anderen Erzlagerstatten. Werhiltniss des Arioxens 
zu Descloizit. Blei-Oxyjodid und neuer Meteorit aus Chile, 255.—W. 
Waagen. Ueber Labechia und einige Bellerophonten Gattungen, 259.— 
F. M. Stapff. Abwehr des erneuerten Angriffs der Herren Berendt und 
Wahnschaffe in dies. Jahrb. 1889,1. 111 ff., 260.—A. W. Stelzner. Ueber 
die Zusammensetzung des als Uebergemengtheil in Gneiss und Granit 
auftretenden Apatites, 265.—W. Bruhns. Ueber secundire Glasein- 
schliisse, 268.—A. B. Meyer. Des sog. Jadeit vom Piz Longhin, Bergell, 
Schweiz, 270.—C. Ochsenius. Ueber Boracit von Douglashall, 271.—C. 
Ochsenius. Ueber einige Funde aus dem Mutterlaugensalzlager von 
Douglashall, 272.—G. Wirschfeld. Ueber ein Erdbeben in Kleinasien, 275. 


Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Palion- 

tologie. Beilage-Band vi. Heft 1. 1888. 

C. Klein. Petrographische Untersuchung einer Suite von Gesteinen 
aus der Umgebung des Bolsener Sees, 1.—H. Finkelstein. Der Lauben- 
stein bei Hohen-Aschau, 36.—T. Liebisch. Ueber eine besondere Art 
von homogenen Deformationen, 105. 


——. Paleontographica. Band xxxv. Lief. 1-6. 1888-89. 
Purchased. 

O. M. Reis. Die Coelacanthinen, mit besonderer Beriicksichtigung der 

im Weissen Jura Bayerns vorkommenden Gattungen, 1.—W. Deecke. 


Ueber Fische aus verschiedenen Horizonten der Trias, 97.—E. Holzapfel. 
Die Mollusken der Aachener Kreide, 139. 


——. Verein fiir vaterlindische Naturkunde in Wiirttemberg. 
Jahreshefte. Jahrgang xliv. 1888. 

O. Fraas. Die natiirlichen Verhaltnisse der Spaichinger Gegend, 33. 
—Zakrzewski. Eine im Stubensandstein des Keupers gefundene Schild- 
kréte, 38.—G. Leube. Vorkommen yon krystallisiertem Schwerspat im 
Weissen Jura, 38.—Leuze. Beitrage zur Mineralogie von Wiirttemberg, 
39.—-J. Probst. Ueber die Ohrenknochen fossiler Cetodonten aus der 
Molasse von Baltringen, OA. Laupheim, 46.—J. Probst. Beschreibung 
einiger Lokalitaten in der Molasse von Oberschwaben, 64.—Leuze. Bei- 
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triage zur Mineralogie Wiirttembergs, 115.—E. Fraas. Ueber die Finne 
von Ichthyosaurus, 280. 


Stuttgart. Verein fiir vaterlandische Naturkunde in Wurttemberg. 
Jahreshefte. Jahrgang xlv. 1889. 

Leuze. Beitriige zur Mineralogie Wiirttembergs, IL., 40.—O. Fraas. 
Ueber Grenzlinien in der Trias, 56.—Bertsch. Einiges zur Geologie des 
Muschelkalks und der Lettenkohle, 58.—J. Probst. Ueber einige Gegen- 
stainde aus dem Gebiete der Geophysik, 65.—A. v. Quenstedt. Psammo- 
chelys keuperina, 120.—Eberhard Fraas. Loliginites (Greoteuthis) Zittelr, 
Eb. Fraas, 217.—Eberhard Fraas. Kopfstacheln von Hybodus und 
Acrodus, sog. Ceratodus heteromorphus, Ag., 233.—F. Nies. Ueber ein 
angebliches Vorkommen gediegenen Zinns und iiber das spezifische 
Gewicht der Zinnbleilegierungen, 292.—Letze. Die Mineralien und 
Pseudomorphosen des Roseneggs, 305.—Dittus. Beitrag zur Kenntniss 
der pleistocinen Fauna Oberschwabens, 359. 


Swansea. South Wales Institute of Engineers. Proceedings. 
Wolk xy.. No.6. 863. 


assy SS, SS, Wok sam, Nos, IL 6s Zo states 


Sydney. Linnean Society of New South Wales. Proceedings. 
Ser. 2. Vol. ii. Parts 1-4. 1888-89. 

R. Etheridge, Jun. Description of Fish-Remains from the “ Rolling 
Downs Formation” of Northern Queensland, 156.—J. Mitchell. On a 
new Trilobite from Bowning, 397.—R. Etheridge, Jun. On Additional 
Evidence of the Genus Jchthyosaurus in the Mesozoic Rocks (‘ Rolling 
Downs Formation”) of North-eastern Australia, 405.—R. Etheridge, 
Jun. On Additional Evidence of the Occurrence of Plestosaurus 1 the 
Mesozoic Rocks of Queensland, 410.—F. W. Hutton. Notes on the 
Mueller Glacier, New Zealand, 429.—J. E. Tenison-Woods. Geographical 
Notes in Malaysia and Asia, 557.—J. Milne Curran. Carboniferous and 
Sulurian Fossils from Central New South Wales, 800.—C. W. de Vis. 
A glimpse of the post-tertiary Avifauna of Queensland, 1277.—R. 
Etheridge, Jun. Additions to the fossil flora of Eastern Australia, 1300. 


—. Royal Society of New South Wales. Journal and Pro- 
ceedings for 1887. Vol. xxi. 1888. 

D. A. Porter. Notes on some Inclusions observed in a specimen of 
Queensland Opal, 81.-—J. C. B. P. Seaver. Origin and Mode of Occur- 
rence of Gold-bearing Veins and of the Associated Minerals, 125.—F. B. 
Gipps. Port Jackson Silt Beds, 175.—J. B. Henson. Soils and Subsoils 
of Sydney and Suburbs, 220. 


; Journal and Proceedings for 1888. Vol. xxil. 

Part 1. 1888. 

C. 8. Wilkinson. President’s Anniversary Address, 1.—D. A. Porter. 

Notes on some Minerals and mineral localities in the Northern Districts 
of New South Wales, 78. 


Tokio. College of Science, Imperial University, Japan. Journal. 
Vol. ui. Parts 2&3. 1888-89. 
B. Koto. On the so-called Crystalline Schists of Chichibu (The Sam- 
bagawan Series), 77. 


/ 


——. Imperial University of Japan (Teikoku Daigaku). Calendar 
for the Year 1888-89. 8yo. 1888. 
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Tokio. Seismological Society of Japan. Transactions. Vol. xii. 
1888. 

J. Milne. Note on the Effects produced by Earthquakes upon the 
Lower Animals, 1.—E. J. Pereira. The Great Earthquake of Lisbon, 5. 
—T. Sterry Tlunt and J. Douglas. The Sonora Earthquake of May 3, 
1887, 29.—J. Milne. Note on the Sound Phenomena of Earthquakes, 
53.—J. Milne. Relative Motion of Neighbouring Points of Ground, 63.— 
J. Milne. The Movement produced in certain Buildings by Earthquakes, 
67.—W. G. Ashon. Earthquakes in Korea, 77. om Sekiya. Earth- 
quake Measurements of Recent Years especially relating ‘to Vertical 
Motion, 83.—J. Milne. On certain Seismic Problems demanding Solu- 
tion, 107.—C. G. Knott. Earthquakes and Earthquake Sounds, 115. 


Toronto. Canadian Institute. Proceedings. Series 3. Vol. vi. 
Fase. 1-2. 1888-89. 
J. H. Panton. The Caves and Potholes at Rockwood, 244.—J. C. 
McRae. The Geological Formation of Port Colborne, 338. 
.. Annual Report. Session 1887-88. 1889. 


Toulouse. Société d’Histoire Naturelle. Bulletin. 1887. July— 
December. 1887. 


: January—September. 1888. 
Helson. Sesscnes de lenites de Cestayrols, xvy.—J. Laromiguiére. 
Le Terrain houiller de Commentry, 101. 


Truro. Royal Institution of Cornwall. Journal. Vol.ix. Part3. 
1888. 
N. Whitley. The Submarine Forest Bed at Portmellin, near Meva- 
gissey, 309.—E. A. Wiinsch. The problem of the Lizard Rocks, 353. 


Turin. R. Accademia delle Scienze. Atti. Vol. xxii. Disp. 11-15. 
1887-88. 


C. Montemartini. Sulla composizione di alcune roccie della Riviera 
di Nizza, 482. 


: - . Vol. xxiv. Disp. 1-10. 1888-89. 
M. Lessona. Relazione sopra la Monografia del Prof. Dott. Federico 
Sacco “I Cheluni astiani del Piemonte,” 4AB. 


. Osservatorio della Regia Universita. Bollettino. Anno 
22,1887. 1889. 


University College. Calendar. 1888-89. 1888. 


Victoria Institute. Journal of the Transactions. Vol. xxi. Nos. 
85-88. 1888-89. 


G. Brinton. Note on Ancient Human Footprints in Nicaragua, 147. 


Vienna. Beitrige zur Paliaontologie Oesterreich-Ungarns und 
des Orients. Band vi. Heft 4. 1888. Purchased. 


F. Wahner. Beitrige zur Kenntniss der tieferen Zonen des unteren 
- Lias in den nordéstlichen Alpen. V. Theil, 293. 


Band vii. Hefte 1-4. 1888-89. Purchased. 

M. Schlosser. Die Affen, Lemuren, Chiropteren, Insectivoren, Marsu- 
ialier, Creodonten und Carnivoren des europaischen Tertiairs und deren 
eae zu ihren aussereuropadischen Verwandten. II. Theil, 1.— 
Hv. Mojsisovics. Ueber einige japanische Trias-Fossilien, 163.—J. 
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Dreger. Die tertidren Brachiopoden des Wiener Beckens, 179.—E. Haug. 
Beitr ao zur Kenntniss der oberneocomen Ammonitenfauna der Puezalpe 
bei Corvara, Sudtirol, 195.—E. Kittl. Reste von Lustriodon aus dem 
Miocan Niederésterr eichs, 233. 


Vienna. Kaiserliche Akademie der Wissenschaften. Anzeiger, 
1888. Nos. 14-28. 1888. 

C. Dolter. Ueber Glimmerbildung aus Andalusit und Granat, 150.— 
C. Diener. Geologische Studien im stidwestlichen Graubiinden, 190,— 
A. Rodler. Geologische Hixpedition in das Bachtyaren-Gebirge im west- 
lichen Persien, 199. 


—. ——. ——, 1889. Nos. 2-8. 1889. 
L. Griesbach. Reisebericht aus Tashkurghan in Turkistan, 54. 


. Denkschriften. Mathematisch-naturwissenschaftliche 
Classe. Band liii. 1887. 


Erste Abtheilung. 


C. vy. Ettingshausen. Beitrage zur Kenntniss der Tertiarflora Austra- 
liens. Zweite Folge, 81.—C. v. Httingshausen. Beitrage zur Kenntniss der 
fossilen Flora Neuseelands, 145. 


y band clive sooo: 

Sv Hauer. Die Cephalopoden des bosnischen Muschelkalkes von Han 
Bulog bei Sarajevo, 1.—C. v. Ettingshausen und F. Krasan. Beitrage 
zur Erforschung der atavistischen Formen an lebenden Pflanzen und ihrer 
Beziehungen zu den Arten ihrer Gattung, 245.—C. v. Httingshausen 
und F’. Standfest. Ueber Myrica hgnitum, Ung., und ibre Beziehungen vA 
den lebenden Myrica-Arten, 255.—C. v. Ettingshausen, Die fossile Flora 
von Leoben in Steiermark, 261, 519. 


Sitzungsberichte. Mathematisch-naturwissenschaft- 
liche Classe. Band xcv. Hefte 1-5. WSISie Lec 
C. v. Ettingshausen. Beitrage zur Kenntniss der fossilen Flora Neu- 
seelands, 5.—M. Neumayr. Die naturlichen Verwandtschaftsverhaltnisse 
der schalentragenden Foraminiferen, 156. 


. Band xcvi. Hefte 1-5. 1887. 1888. 

P. Conrath. Ueber einige silurische Pelecypoden, 40.—C. y. Httings- 
hausen. Ueber das Vorkommen einer Cycadee in der fossilen Flora von 
Leoben in Steiermark, 80.—G. Bukowski. Vorlaufiger Bericht iiber die 
geologische Aufnahme der Insel Rhodus, 167. 


—-. ——. Band xevii. MHefte 1-5. 1888. 


1888. 

A. v. Kerner. Studien uber die Flora der Diluvialzeit in den ostlichen 
Alpen, 7.—H. v. Wettstein. Rhododendron ponticum, L., fossil in den 
Nordalpen, 40.—M. Schuster. Ueber Findlinge aus dem vicentinischen 
Basalttuffe, 88.—A. v. Kerner. Ueber die Verbreitung von Quarzge- 
schiebe durch wilde Hiihnervogel, 158.—Rodler. Einice Bemerkungen 
zur Geologie Nordpersiens, 205. 


——. K.-k. Bergakademie zu Leoben und Ptibram und der 
koniglich-ungarische Bergakademie zu Schemnitz. Berg- und 
Huttenmiannisches Jahrbuch. Band xxxvi. Hefte 2-4. 1888. 

A. Aigner. Die bayerischen Salinen, 324. 
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Vienna. K.-k. geologische Reichsanstalt. Jahrbuch, 1887. Band 
xxxviil. Hefte 3&4. 1888. 

F. Katzer. Ueber die Verwitterung der Kalksteine der Barrande’schen 
Etage Ff 2, 387.—A. Bittner. Ueber einige geotektonische Begriffe und 
deren Anwendung, 397.—E. Tietze. Die geognostischen Verhaltnisse der 
Gegend von Krakau, 425. 


: : , 1888. Band xxxvi. Hefte 1-4. 1888-89. 

H. B.v. Foullon. Mineralogische und Petrographische Notizen, 1.—J. v. 
Siemiradzki. Studien im polnischen Mittelgebirge, II., 35.—S. Zarecany. 
Ueber das Krakauer Devon, 47.—S. v. Wohrmann. Ueber die untere 
Grenze des Keupers in den Alpen, 69.—A. Hofmann. Beitrige zur Kennt- 
niss der Saugethiere aus den Miocinschichten von Vordersdorf bei Wies 
in Steiermark, 77.—V. Uhlig. Ergebnisse geologischer Aufnahmen in 
den westgalizischen Karpathen. I. Theil, 83—N. Andrussow. Em 
kurzer Bericht ther die im Jahre 1887 im transkaspischen Gebiet aus- 
gefiihrten geologischen Untersuchungen, 265.—C. v. Camerlander. Der 
am 5 und 6 Februar 1888 in Schlesien, Mahren und Ungarn mit 
Schnee niedergefallene Staub, 281.—A. Brunnlechner. Die Spharenerze 
von Miess in Karnten, 311.—A. Bittner. Geologische Mittheilungen aus 
dem Werfener Schiefer- und Tertiar-Gebiete von Konjica und Jablanica 
a.d. Narenta, 321.—C.v. John. Ueber die Gesteine des Eruptivstockes 
von Jablanica an der Narenta, 343.—F. Katzer. Geologische Beschrei- 
bung der Umgebung von Ricau, 355.—D. Stur. Der zweite Wasserrein- 
bruch in Teplitz-Ossege, 417.—D. Stur. Fiinf Tage in Rohitsch-Sauer- 
brunn. Eine Studie, 517.—A. Hofmann. Beitriige zur Saugethierfauna 
der Braunkohle des Labitschberges bei Gamlitz in Steiermark, 545.—R. 
Hornes. Zinnwald und der Zusammenhang des daselbst auftretenden 
zinnfihrenden Granites als des tieferen und inneren Theils einer Erup- 
tionsmasse mit den oberflichlich ergossenen Quarzporphyren, 563.—L. 
Cornet. Die Glimmerdiabase von Steinach am Brenner in Tirol, 591.— 
H. B. v. Foullon. Ueber Granititeinschliisse im Basalt vom Roilberge 
bei Niemes in Bohmen, 603.—A. Denckmann. Der Bau des Kieles dor- 
socavater Falciferen, 615.—C. v. John und H. B. v. Foullon. Arbeiten 
aus dem chemischen Laboratorium der k.-k. geologischen Reichsanstalt, 
617.—E. Tietze. Zur Geschichte der Ansichten tber die Durchbruch- 
thaler, 633.—T. Wisniowski. Beitrag zur Kenntniss der Mikrofauna aus 
den oberjurassischen Feuersteinknollen der Umgegend von Krakau, 657,— 
C. M. Paul. Bemerkungen zur neueren Literatur tiber die westgalizischen 
ee 703.—F. Teller. in pliociner Tapir aus Sudsteiermark, 


5 Verhandlungen, 1888. Nos. 1-18. 1888. 

R. Scharizer. Ueber persische Bleierze, 173.—A. Bittner. Ueber ein 
Vorkommen von Brachiopoden des salzburgischen Hochgebirgskorallen- 
kalkes an der Tonionalpe siidéstlich von Gusswerk-Mariazell und tber 
einen Fundort von Hallstiitter Petrefacten an den Neun Kogerln gegen- 
uber der Tonion, 174.—A. Bittner. Ein neuer Fundort von Monotis 
salinaria in Niederésterreich und seine Beziehungen zu den Murzthaler 
Monotiskalken, 176.—A. Bittner. Orygoceras aus sarmatischen Schichten 
von Wiesen, 177.—H. B. v. Foullon. Ueber korundfihrenden Quarz- 
porphyr von Teplitz, 178.—A. Pichler. Ein Aufschluss in der Gneiss- 
formation der Centralalpen zwischen Kematen und Sellrain, 181.—C. W. v. 
Gumbel. Algenvorkommen im Thonschiefer des Schwarz-Leogangthales 
bei Saalfelden, 189.—A. Rzehak. Ueber eine bartonisch-ligurische Fora- 
miniferenfauna vom Nordrande des Marsgebirges in Mahren, 190.—L. v. 
Tausch. Ueber die Fossilien von St. Briz in Stidsteiermark, 192.—D. 
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Stur. Die Lunzer- (Lettenkohlen-) Flora in den “ older Mesozoic beds 
of the Coal Field of Eastern Virginia,” 203.—G. C. Laube. Notiz uber 
den artesischen Brunnen in Wisterschan bei Teplitz, 217.—G. Geyer. 
Reisebericht. Altenberg am 29 Juni 1888, 219.—A. Patera. Zu den 
Bemerkungen des Herrn Professors v, Sandber ger uber die Resultate der 
Untersuchungen von Nebengesteinen der Piibramer Erzgange, 223.—A. 
Rzehak. Die Foraminiferen der pe eee e des Waschberges 
und Michelsberges bei Stockerau in Nieder-Oesterrich, 226.—K. M. Paul. 
Aufnahmsbericht aus Mahren, 229.—J. Micdaudedake Beitrag zur 
Kenntniss der Minerallagerstitte auf dem Felde Pomiarki bei Truskawiec 
in Galizien, 239.—L. v. “Tausch. Reisebericht des Sectionsgeologen der 
Lf, Section, 243.—C. v. Camerlander. Reisebericht aus der Gegend 
zwischen Olmitz und M.-Weisskirchen, 245.—V. Uhlig. I. Reisebe- 
richt. Ueber die Gegend nordwestlich von Teschen, 246. =e Uhlig. I. 
Reisebericht. Ueber die Miocanbildungen in der Umeebung yon Prerau 
in Mahren, 247.—A. Bittner. Aufnahmsbericht von Turnau bei Aflenz, 
18 August 1888, 248.—G. Stache. Neue Beobachtungen im Siidabschnitt 
der istrischen Halbinsel, 255,—K. von Mojsisovics. Ueber das Auftreten 
von oberem Muschelkalk in der Facies der rothen Kalke der Schreyer 
Alpe in den Kalkalpen nérdlich von Innsbruck, 265.—E. Tietze. Reise- 
bericht, 266.—M. Neumayr. Hyopotamusreste von Eggenburg, 283.—F. 
Katzer. Die isolirte Silurinsel zwischen Zwanowitz und Woderad in 
Boéhmen, 285.—A. v. Klipstein. Erwiderung an Herrn Dr. Lechleitner 
beziiglich der Kreideversteinerungen von der “Ladoialpe, 289.—E. Tietze. 
Die ‘geologischen Verhiltnisse der Heilquellen von Iwonicz, 290.—J. 
Palacky. “Ueber F lussregulirungen, 291.—F’. Toula. Geologisches Profil 
des Schwarzenberggrabens bei Scheibbs in Niederésterreich, 295,——A. 
Pichler. Beitrage zur Mineralogie und Geologie von Tirol, 298.—H. B. 
v. Foullon, Ueber Granititeinschliisse im Basalt vom Rollberge bei 
Niemes, 300.—C. v. Camerlander. Die siidéstlichen Auslaufer der Sudeten 
in Mahren, 300.—A. Rzehak. Neue Conchylen aus dem mahrischen 
Pleistocan, 307.—M. Vacek. Ueber neue Funde von Saugethierresten aus 
dem Wies-Hibiswalder Iohlenreviere, 308.—V. Uhlig. Vorlage des 
Kartenblattes Kremsier Prerau Zone 8, Col, xvii., 313.—T. Wisniowski. 
Bemerkung zu Dr. Riust’s Arbeiten tiber Radiolarien, 317.—G. Stache. 
Nachweis .des siidtirolischen Bellerophonkalk-Horizontes in Kdarnten, 
320.—K. Tietze. Mittheilungen aus Ostgalizien, 322. 


Vienna. K.-k. geologische Reichsanstalt. Verhandlungen, 1889. 
~ Nos. 1-6. 1889. 

D. Stur. Jahresbericht 1888, 1—G. Starkl. Farbenerscheinung und 
Mikrolithen in Kupferschlacken von der Schmelz bei Annaberg, 45.—H. 
Lechleitner. ‘“ Pletzach oder Ladoi,” 51.—M. Neumayr. Ueber einige 
Belemniten aus Centralasien und Siidafrika, 52.—G. Geyer. Vorlage der 
geologischen Karte der Miirzthaler Kalkalpen und des Schneeberges, 56. 
—A.Rzehak. Ein neues Vorkommen von Aturienmergel in Mahren, 65. 
—A. Rzehak. Ueber ein neues Vorkommen eines diatomeenreichen 
Thonmergels in Mahren, 66.—H. v. Mojsisovics. Ueber den Charakter der 
japanischen Triasfauna, 67.—K. v. Mojsisovics. Ueber einige arktische 
Trias-Ammoniten des nérdlichen Sibirien, 68.—K. M. Paul. Vorlage der 
geologischen Karte der Gegend von Napajed! und Luhatschowitz in 
Mihren, 69.—D. Kramberger- -Gorjanovic. Ueber F. Bassani’s Ricerche sui 
pesci fossili di Chiavon, 86.—F. Teller. Zapirus hungaricus, H. v. M., aus 
dem Tertiirbecken ven Schonstein bei Cilli in Siidsteiermark, 90. 
v. Foullon. Ueber Quarzglimmerdioritporphyrite aus dem éstlichen 
Karnten, 90.—A. Cathrein. Krystallformen des Baryts von Valsugana, 
107.—G. ©. Laube. Notiz iiber eine Brunnenbohrang im biirgerlichen 
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Brauhause zu Leitmeritz, 109.—V. Uhlig. Ueber den Nordabfall der 
Hohen Tatra, 111.—G. C. Laube. Zum “Cap itel “ Zinnwald,” 131.—J. 
Niedzwiedzki. Erganzung zur Fossilliste ae Miocins bei Podhores in 
Ostgalizien, 154. Beye v.Tausch. Bericht iiber die geologische Aufnahme 
der “Umeegend yon Mahrisch- Weisskirchen, 135.—C. v. Camerlander. 
Von dem inneren Aufbau und der dusseren Gestaltung der mahrisch- 
schlesischen Sudeten, 135. 


Vienna. K.-k. naturhistorische Hofmuseums. Annalen. Band iii. 
Nos.2&4. 1888. 
H. B. von Foullon. Untersuchung der Meteorsteine yon Shalka und 
Manbhoom, 195. 


- Bandiy. Nos. 1&2. 1889. 

G. v. Niessl. Ueber das Meteor vom 22. April 1888, 61.—F .. Berwerth. 
¥ See eee ie vom Piz Longhin, 87.—E. Weinschenk. Ueber 
einige Bestandtheile des Meteoreisens von Magura, 95.—A. Brezina. 
Cliftonit aus dem Meteoreisen von Magura, 102.—A. Cathrein. Neue 
Krystallformen am Pinzgauer Pyroxen, 181.—F. Krasser. Ueber den 
Kohlegehalt der “ Flyschalgen,” 185. 


——. Mineralogische und petrographische Mittheilungen. N. F. 
Bandix. Heft 6. 1888. Purchased. 

J. Stock. Die Basaltgesteine des Lobauer Berges, 429.—K. y. Chrust- 
schoff. Beitrage zur Petrographie Volhyniens und Russlands, 470.—F. 
Loewinson-Lessing. Zur Bildungsweise und Classification der klastischen 
Gesteine, 528. 


-—-, Band x. Hefte 1—5. 1888-39355 


chased. 

O. Beyer. Der Basalt des Grossdehsear Berges und seine Einschliisse, 
sowie abnliche Vorkomnisse aus der Oberlausitz, 1—A. Cathrein. 
Beitrage zur Mineralogie Tirols, 52.—C. Délter. Ueber Glimmerbildung 
durch Zusammenschmelzen verschiedener Silicate mit Fluormetallen 
sowie tuber einige weitere Silicatsynthesen, 67.—F. Becke. Ein Beitrag 
zur Kenntniss der Krystallformen des Dolomit, 95H. Hofer. Mine- 
ralogische Beobachtungen, 153.—E. A. Wiilfing. Berechnung der chem- 
ischen Formel der Turmaline nach den Analysen von R. B. Riggs, 161.— 
F. Posepny. Ueber die Adinolen von Pribram in Béhmen, 175.—J. S. 
Hyland. Ueber die Gesteine des Kilimandscharo und dessen Umgebung, 
203.—W. Bergt. Beitrag zur Petrographie der Sierra Nevada de Santa 
Marta und der Sierra de Perija i in der Republik Columbia in Stidamerika, 
271.—A. Cathrein. Beitrage zur Mineralogie Tirols, 587.—E. Ludwig. 
Die Mineralquellen Bosniens, 403. 


—. Kaiserlich-kénigliche zoologisch-botanische Gesellschaft. 
Verhandlungen. Band xxxvili. Quartal 1-4. 1888. 1888. 


Washington. Smithsonian Institution. Annual Report of the 
Board of Regents, showing the operations, expenditures, and 
condition of the Institution to July, 1885. Part 2. 1886. 


——, ——. Miscellaneous Collections. Vol. xxxii. 1888. 


=) Woloxxxane) 1388: 
(Bulletins of the Philosophical Society of Washington, Vols. vi—x. 
1883-87.) 
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Wellington. New-Zealand Institute. Transactions and Proceed- 
mes, Vol. xx. 1887. 1888: 

F. W. Hutton. On some Railway Cuttings in the Weka Pass, 257,— 
F. W. Hutton. On the Greensands of the Waihao Forks, 264.—F. W. 
Hutton. On some Fossils lately obtained from the Cobden Limestone at 
Greymouth, 267.—F. W. Hutton. On some ancient Rhyolites from the 
Mataura District, 269.—F. W. Hutton and G. Gray. On a Leucophyre 
from the Selwyn Gorge, 271.—H. Wilson. On the Oxford Chalk Deposit, 
Canterbury, New Zealand, 274.—J. Hardcastle. The Tarawera Eruption, 
10 June 1886: a Criticism of Professor Hutton’s (and others’) Explana- 
tions of the Causes of the Eruption, 277.—H. Hill. On the Artesian 
Well-System of Hawke’s Bay, 282.—H. Hill. Pumice: its Geological 
Distribution on the East Coast of the North Island of New Zealand, ex- 
tending from Tologa Bay (88° 20'S. lat.) to Cape Turnagain (40° 30’ S.), 
293.—A. P. W. Thomas. Notes on the Volcanic Rocks of the Taupo 
District and King Country, 506.—A. P. W. Thomas. Notes on the Rocks 
of the Kermadec Islands, 311.—L. Cussen. Notes on the Physiography 
and Geology of the King Country; 316.—S. P. Smith. Geological Notes 
on the Kermadec Group, 333.—H. P. Washbourne. Minerals at Nelson, 
344. 


Wiesbaden. Nassauische Vereins ftir Naturkunde. Jahrbiicher. 
Jahrgang xl. 1888. 
R. Fresenius. Chemische Analyse des Warmbrunnens zu Soden, 1. 


York. Yorkshire Philosophical Society. Annual Report, 1888. 

J. F. Walker. On the occurrence of Ananchytes ovatus in the Margate 
Chalk, 35.—J. F. Walker. On Terebratula bisinuata (Lamarck), from the 
London Clay of Hampshire, 35.—J. F. Walker. On Oolitic Brachiopoda 
new to Yorkshire, 37.—S.S. Buckman and J. F. Walker. On the spinose 
Rhynchonelle (Genus Acanthothyris, V@Oxrbigny), 41—A. Smith Wood- 
ward. On a Head of Hybodus Delabechei, associated with Dorsal Fin- 
spines, from the Lower Lias of Lyme Regis, Dorsetshire, 58. 


Zoological Record for 1887. Vol. xxiv. 1887. 1888.  Pur- 
chased. 


Zoological Society. Proceedings. 1888. Parts 2-4. 1889, 

J. W. Hulke. Contribution to the Skeletal Anatomy of the Meso- 
suchia, based on Fossil Remains from the Clays near Peterborough, in the 
Collection of A. Leeds, Esq.,417.—J. J. Lister. On the Natural History 
of Christmas Island, in the Indian Ocean, 512. . 
—. —. 1889. Partl. 1889. 

-———. Report of the Council for the Year 1888. 1889. 
——. Transactions. Vol. xii. Part 8. 1889. 


——. Catalogue of the Library. Fourth edition. 1887. 
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2. Booxs. 
Names of Donors in Italics. 


Adamson, S. A. The Yorkshire Boulder Committee and its second 
year’s work. 8vo. PSS. 


, and A. Harker. Geology and Paleontology of the north of 
England, 1887. 8vo. Leeds, 1888. 


Alabama. Geological Survey. Report of Progress for 1877 and 
1878, by E. A. Smith. 8vo. Montgomery, Ala., 1879. Pre- 
sented by W. Whitaker, Esq., F.RS., F.GS. 


Alsace-Lorraine. Geologische Specialkarte von Elsass-Lothringen. 
Abhandlungen. Band ivy. Heft 4. 8vo. Strassburg, 1888. 
Purchased. 


Amiot. See France. 


Anon. LHarthquakes. The General Theory and Phenomena of 
Earthquakes and Volcanoes. 8vo. London, 1756. Presented by 
H. B. Woodward, Esq., #.G.S. 


(? Rev. E. Nares). Two MS. Tabulated Note-books concern- 
ing the occurrence of Minerals and Fossils in various counties of 
England and Wales. Date about 1780. 8vo. Presented by 
Mrs. Booth White through T. W. Shore, Esq., F.GS. 


Ashburner, C. A. ‘The classification and composition of Pennsyl- 
vania Anthracites. 8vo. 1886. 


——. Coal. 8vo. Washington, 1887. 


——. The Geologic Relations of the Nanticoke Disaster. 8vo. 
Philadelphia, 1887. 


Bannister, L. Something about Natural Gas, its Origin, Extent, 
and Development. 8vo. New York, 1886. 


Barker-Webb, P., et Sabin Berthelot. Histoire Naturelle des Iles 
Canaries. Ouvrage publié sous les auspices de M. Guizot. Atlas. 
Fol. Paris, 1838. Presented by W. T. Thiselton Dyer, Esq., 
BSG. CMG: 


Barrois, C. Note sur V’existence du Genre Oldhamia dans les 
Pyrénées, 8vo. Lille, 1888. 


Observations préliminaires sur les roches des environs de 
Lanmeur (Finistére). 8vo. Lille, 1888. 


Observations sur la Constitution géologique de l’ouest de la 
Bretague (3° article). Svo. Lille, 1888. 


—. Faune du calcaire d’Erbray (Loire-Inférieure). 4yvo. Lille, 
1889. 
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Bassani, F. Ricerche sui Pesci Fossili di Chiavon (Strati di Sotzka- 
Miocene inferiore). 4to. Naples, 1888. 


Beecher, C. H. Brachiospongide: a Memoir on a group of Silurian 
Sponges. (Memoirs of the Peabody Museum of Yale University, 
Vol. ii., Part 1.) 4to. New Haven, 1889. 


Bennett, F. J. Influence of Geology on the Early Settlements and 
Roads. 8vo. London, 1888. 


History of English Farming from the earliest times down 
to the eighteenth century, and the open field system locally con- 
sidered. 8vo. Newbury, 1889. 


Berg, Graf Fr. See Perioprcats, Dorpat. 


Bigot, A. Observations géologiques sur les Iles Anglo-Normandes. 
8vo. Paris, 1888. 


Le Précambrien et le Cambrien dans le Pays de Galles et 
leurs équivalents dans le massif Breton. 8vo. Paris, 1889. 


Bird, C. Underground Water. 8vo. Rochester, 1887. 


Blanford, W. T. Note sur la Classification des Roches de l’Inde 
Britannique. 8vo. Berlin, 1888. 


The Fauna of British India, including Ceylon and Burma. 
Part 1. Mammalia. 8vo. London, 1888. 


Blytt, A. On variations of climate in the course of time. 8vo. 
Christiania, 1886. 


The probable cause of the displacement of beach-lines, with 
Ist and 2nd Supplements. 8vo. Christiania, 1889. 


._ —. ——. Presented by W. T. Blanford, Hsq., F.BS., 
HresiG’S: 


Bohemia. Landesdurchforschungs-Comitit. Archiv der Naturwis- 
senschaftlichen Landesdurchforschung von Bohmen. Band VI. 
No. 4. Geologie des bohmischen Erzgebirges, von G. C. Laube. 
Il. Theil. 8vo. Prag, 1887. Presented by the Museum des 
Kongreiches Bohmen. 


Bologna. Guida del R. Istituto Geologico. 8vo. Bologna, 1888. 
Presented by Prof. .G. Capelini, F.M.GS. 


Bonaparte, H. H. Prince Roland. La Nouvelle-Guinée. 3° Notice. 
Le Fleuve Augusta. 8vo. Paris, 1887. 


——, -—. 4° Notice. Le Golfe Huon. 8vo. Paris, 1888. 
——. Note on the Lapps of Finmark. 8vo. Paris, 1886. 


Bornemann, J. G. Ueber Schlackenkegel und Laven. Ein Beitrag 
zur Lehre vom Vulkanismus. 8vo. Berlin, 1888. 


Boule, M. Les prédécesseurs de nos Canidés. 8vo. Paris, 18389. 


150 ADDITIONS TO THE LIBRARY. 


Brauns, D. Das Problem des Serapeums von Pozzuoli.  4to. 
Halle, 1888. 


Briart, A. Etude sur les dépots Gypseux et Gypso-salifériens. 
Svo. Liége, 1889. 


Sur le genre Zrigonia et description de deux Trigonies 
nouvelles des terrains supra-crétacés de Maestricht et de Ciply. 
8vo. Brussels, 1888. 


British Museum. (Natural History.) Catalogue of the Fossil Cepha- 
lopoda. Part I. By A. H. Foord. -8vo. London, 1888. Pre- 
sented by the Trustees of the British Museum. 


.) Catalogue of the Fossil Fishes. Part I. By A. 
oath Woodward. 8vo. London,1889. Presented by the Trus- 
tees of the British Museum. 


.) Catalogue of the Fossil Reptilia and Amphibia. 


Part I. By Richard Lydekker. 8vo. London, 1888. Pre- 
sented by the Trustees of the British Museum. 


.) An Introduction to the Study of Minerals, with a 
Gaide to the Mineral Gallery. 8vo. London, 1887. Presume 
by the Keeper of the Department. 


ane .) Mineral Department. An Introduction to the Study 
of Meteorites, with a list of the Meteorites represented in the 
collection. 8vo. London, 1887. Presented by the Keeper of the 
Department. 


London, 1888. Presented by the 


Keeper of the Department. 
Mi .) The Student’s Index to the Collection of Minerals. 
8vo. London, 1886. Presented by the Keeper of the Department. 


Brodie, P. B. On the range, extent, and fossils of the Rheetic For- 
mation in Warwickshire. S8vo. Warwick, 1887. 


Brongniart, C.,et E. Sauvage. Etudes sur le terrain houiller de 
Commentry. Livre 3°. Faunes Ichthyologique et Entomolo- 
gique. 4to. Saint-Etienne, 1888. 


Brown, H. Y. L. See South Australia. 


Buckler, W. The Larve of the British Butterflies and Moths, by 
(the late) William Buckler, edited by H. T. Stainton. Vol. iii. 
(Ray Society.) 8vo. London, 1889. 


Buckman, S. S., and J. Ff. Walker. On the Spinose hynchonelle 
(Genus Acanthothyris, d’Orbigny) found in England. 8vo. York, 
1889. 


California State Mining Bureau. (W. Irelan, Jr., State Mineralo- 
gist.) Bulletin, No. 1. <A description of the desiccated human 
remains in the California State Mining Bureau, by W. Anderson. 
8vo. Sacramento, 1888. 
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Campbell-Johnston, L. The Witwatersrand Gold Fields of the 
Transvaal. 8vo. London, 1889. 


Canada. Department of the Interior. Annual Report for the year 
1888. 8vo. Ottawa, 1889. Presented through the Office of the 
High Commissioner for Canada, London. 


Geological and Natural History Survey. Annual Report. 
New Series. Vol. ii. 1886. 8vo. Montreal, 1887, with Atlas, 
containing maps nos. 3, 4, 5, 6, 6a,and 7. 8vo. 1888. 


——. . Catalogue of Canadian Plants. PartIV. Endogens, 
by J. Macoun. 8vo. Montreal, 1888. 


Province of Nova Scotia. Information for intending settlers. 
8vo. Ottawa, 1886. Presented by W. Whitaker, Esq., PBS, 


Rapport du Comité Sénatorial chargé de faire une enquéte 
sur les ressources du Grand Bassin du Mackenzie. Session de 
1888. 8vo. Ottawa, 1888. Presented through Dr. G. M. Daw- 
son, F.GS. 


Capelini, G. Per la solenne inaugurazione degli studi nella R. 
Universita di Bologna Vanno Accademico, 1885-86. S8vo. Bo- 
logna, 1885. 


—. ——. 1886-87. 8vo. Bologna, 1886. 
——. -——. 1887-88. 8vo. Bologna, 1887. 


Compte-rendu des séances de la Commission Internationale 
de Nomenclature géologique tenues a Geneve en Aout 1886. 
8vo. Bologna. 1886. 


——. Denti di Scaroide nel Miocene di Catanzaro. 8vo. Rome, 
1886. 


Rostro di Dioplodon nelle sabbie marnose grigie della 
Farnesina sotto Monte Mario. 8vo. Rome, 1886. 


Sopra resti di un Sirenio fossile (Metawytherium Lovisate, 
Cap.) raccolti a Monte Fiocca presso Sassari in Sardegna. 4to. 
Bologna, 1886. 


—. Delfinorinco fossile dei dintorni di Sassari. 4to. Bologna, 
1887. 


Discorso pronunciato dal Presidente all’ adunanza generale 
tenuta dalla Societi, Geologica Italiana in Terni, seduta del 24 
ottobre 1886. 8vo. Rome, 1887. 


. Il Congresso Geologico Internazionale di Londra. 8vo. 
Rome, 1888. 


Ottavo Centenario dello Studio di Bologna. Discorso. 
8vo. Bologna, 1888. 
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Capellini, G. Ottavo Centenario dello Studio di Bologna. Elenco 
dei Rappresentanti delle Universita, Accademie e Istituti Scien- 
tificl. 8vo. Bologna, 1888. 


Stabilimenti Scientifici della R. Universita di Bologna. S8vo. 
Bologna, 1888. 


——. Sui resti di Mastodon arvernensis recentemente scoperti a 
Spoleto, Pontremoli e Castrocaro. 4to. Bologna, 1888. 


Cenno storico intorno allo studio dei Foraminiferi Micro- 
scopici in Italia. Bologna, 1889. 


,e C. Albicini. Fondazione dei Premi Vittorio Emanuele II. 
R. Universita di Bologna. S8yvo. Bologna, 1888. 


Carez, I. Géologie—France. (Extrait de Annuaire Géologique 
Universel. 1888.) 8vo. Paris, 1888. 


——. ——. [les britanniques. (——.) 8vo. Paris, 1888. 


Note sur le terrain crétacé de la vallée du Rhone et spéciale- 
ment des environs de Martigues (Bouches-du-Rhoéne). 8vo. 
Paris, 1888. 


Carpenter, F. R., and H. O. Hofman. Preliminary Report of the 
Dakota School of Mines upon Geology, Mineral Resources and 
Mills of the Black Hills of Dakota. 8vo. Rapid City, 1888. 


Carter, H. J. Description of a Large Variety of Orbitolites Man- 
telli, Cart., from the West Bank of the River Irrawadi, in the 
Province of Pegu, Burma, about 36 miles above Prome. 8yo. 
London, 1888. 


. Further Observations on the Foraminiferal Genus Orbitoides 
of d’Orbigny. 8vo. London, 1889. 


Caruana, A. A. Remains of an ancient Greek building in Malta, 
in February, 1888. Fep. 4to. Valletta, 1888. 


——. Monograph of a Stalagmitic Cavern found at Xaghra, Gozo, 
in December, 1888. 4to. Malta, 1889. 


Carus- Wilson, C. Musical Sand. 8vo. Poole, 1888. 


Cassell’s Encyclopedic Dictionary. Vol. vu. Part 2. URC—Z. 
4to. London, 1888. Presented by the Rev. Robert Hunter, 
LL.D., F.G.S. 


Challenger. Reports on the Scientific Results of the Voyage of 
H.M.S. ‘Challenger’ during the years 1873-76. Zoology. 
Vol. xxii. 4to. London, 1888. Presented by the Lords 
Commissioners of Her Majesty’s Treasury. 


. —. —. Vol. xxiv. Text and plates. 4to. London, 
1888. 
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Challenger. Reports on the Scientific Results of the Voyage of 
H.M.S. ‘Challenger’ during the years 1873-76. Zoology. 
Vol. xxv. 4to. London, 1888. 


—. ——. ——. Vol. xxvi. 4to. London, 1888. 
—. ——. ——. Vol. xxvii. 4to. London, 1888. 
—. ——. ——. Vol. xxvii. 4to. London, 1888. 


: 4 ==—.) Vol. xxix, ) Text Parts I & 2 and Aglas? 
4to. London, 1888. 


—. ——. ——. Vol.xxx. Textand plates. 4to. London, 
1889. 


—, ——, ——. Vol. xxxi. 4to. London, 1889. 


Charlesworth, EK. Fossil Exploration of Suffolk Crag (Orford Castle) 
and Hampshire Eocene Cliffs. 8vo. London, 1878. Presented by 
W. Whitaker, Esq., FRS., PGS. 


Choffat, P. Dr. Welwitsch: Quelques notes sur la géologie 
d’Angola, coordonnées et annotées. 8vo. Lisbon, 1888. 


——. See Portugal, Commission des Travaux Géologiques. 


, et P. de Loriol. Matériaux pour l’étude stratigraphique et 
paléontologique de la Province d’Angola. 4to. Geneva, 1888. 


Clark, W. B. UDiscovery of Fossil-bearing Cretaceous Strata in 
Anne Arundel and Prince George Counties, Maryland. 8vo. 
1888. Presented by W. Whitaker, Esq., P.RS., F.GS. 


Clerice, Enrico. I fossili quaternari del suolo di Roma. 8vo. 
Rome, 1886. 


. Sopra alcune formazioni quaternarie dei dintorni di Roma. 
8vo. Rome, 1886. 


Sulla natura geologica dei terreni incontrati nelle fondazioni 
del palazzo della Banca Nazionale in Roma. 8vo. Rome, 1886. 


——. I) travertino di Fiano Romano. 8vo. Rome, 1887. 


——. ha Vitis vinefera fossile nei dintornidi Roma. 8vo. Rome, 
1887 


Sopra alcuni fossili recentemente trovati nel tufo grigio di 
Peperino presso Koma. S8vo. Rome, 1887. 


Sopra 1 resti di Castoro finora rinvenuti nei dintorni di 
Roma. 8vo. Rome, 1887. 


——. Sopra alcune specie di felini della caverna al Monte delle 
Gioie. 8vo. Rome, 1888. 


——. Sopra una sezione geologica presso Roma. 8yvo. Rome, 


1888. 


(i) 2) 
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Olerice, Enrico. Sulla Corbicula fluminalis dei dintorni di Roma e 
sui fossili che Yaccompagnano. S8vo. Rome, 1888. 


,¢ 8. Squinabol. LEscursioni ed adunanze della sezione palet- 
nologica al Congresso geologico di Savona. S8vo. Rome, 1888. 


Cleverley, G. W. The Law of the Universe. An Undelivered — 
Lecture. 8vo. Hull, 1888. 


Ooghlan, T. A. The Wealth and Progress of New South Wales, 
1886-87. 8vo. Sydney, 1887. Presented by the Agent-General 
for New South Wales. 


Collins, J. H. On the nature and origin of Clays: the composition 
of Kaolinite. 8vo. London, 1888. 


Congrés Géologique International. Compte-rendu de la 3me 
Session, Berlin, 1885. 8vo. Berlin, 1888. Presented through 
Gch. Bergrath, Dr. W. Hauchecorne, Secretary to that Meeting. 


4me Session. Londres, 1888. Catalogue de l’Exposition 
Géologique. 8vo. London, 1888. Presented by the Congress. 


-—. Commission pour l’Uniformité de la Nomen- 
clature. Rapport du secrétaire, G. Dewalque. 8vo. London, 


1888. 


.  Discours de M. le Professeur J. Prest- 
wich, Président du Congres. 8vo. - London, 1888. 


; . —. Etudes sur les Schistes Cristallins. 8vo. 
London, 1888. 


——— 
e 


: Explications des Excursions. Rédigées 
par W. Topley, Secrétaire Général du Congrés, avec la collabora- 
tion de E. Van den Broeck et J. Purves. S8vo. London, 1888. 


—. ——. —. Liste Généraledes Membres. 8vo. London, 
1888. 


: Liste Générale des Membres. Revu et 
corrigé jusqu’au Mercredi, 19 Sept., 1888. 8vo. London, 
1888. 


—$————— 
. 


; Résumés des Rapports des Sous-Comités 
Américains. Rédigés par M. le Professeur Persifor Frazer. 
Traduit de Anglais par M. le Professeur G. Dewalque. 8vo. 
London, 1888. 


. Notes pour excursion a Erith et a Cray- 
ford, par J. G. Goodchild. Svo. London, 1888. 


Esquisse de la géologie des roches anciennes 
de Vile d’ Anglesey et du nord-ouest du Carnarvonshire. 8vo, 
London, 1888, 
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Congrés Géologique International. 4™¢ Session. Londres, 1888. 
Excursion dans le nord et. dans le sud du Devonshire pour 
examiner les roches dévoniennes. 8vo. London, 1888. 


‘ ' Procés-verbal de la séance du vendredi 21 
Septembre, a 11 heures. 8vo. London, 1888. 


. : Supplément au Catalogue de lExposition 
Géologique. 8vo. London, 1888. The above Presented by the 
Congress. 


(International Congress of Geologists.) American Committee. 
(Comité fondateur de Philadelphie.) Reports of the sub-com- 
mittees appointed by the American- Committee from its own 
Members assisted by Associates, for the Fourth Session of the 
Congress to be held in London, September 17, 1888. Printed 
by order of the Committee. Hditor, Persifor Frazer. 8vo. 
Philadelphia, 1888. 


: The Work of the International Congress of 
Geologists and of its Committees. Persifor Frazer, Sec. 8vo. 
Philadelphia, 1886. 


a. ( ). Reports of the British Sub-Committees on Classifi- 
cation and Nomenclature. Second Edition. 8vo. Cambridge, 
1888. Presented by the Secretary of the English Committees. 


Cope, E. D. On the Shoulder-girdle and Extremities of Hryops. 
8vo. Philadelphia, 1888. 


——. On the Shoulder-girdle and Extremities of Hryops. Ato. 
Philadelphia, 1888. 


Synopsis of the Vertebrate Fauna of the Puerco Series. 
Ato. Philadelphia, 1888. 


Topinard on the Latest Steps in the Genealogy of Man. 
8vo. Philadelphia, 1888. 


Copenhagen. Universitetets Zoologiske Museum 1 Kjobenhavn. E 
Museo Lundii. Bind 1. Udgivet af C. F. Litken. 4to. Copen- 
hagen, 1888. 


Crane, Agnes. The Origin of Speech and Development of Language. 
12mo. Brighton, 1889. 


Credner, H. Die Geognosie und der Mineralreichthum des 
Alleghany-Systems. 4to. Gotha, 1871. Presented by W. 
Whitaker, Hsq., FAS., #.GS. 


Das siichsische Granulitgebirge und seine Umgebung. §8vo. 
Leipzig, 1884. Purchased. 


Credner, H. Die Stegocephalen und Saurier aus dem Rothliegenden 
des Plauen’schen Grundes bei Dresden. VII. Theil. 8vo. Berlin, 
1888. 
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Oreduer, H. Das vogtlandische Erdbeben vom 26. December 1888. 
8vo. Leipzig, 1839. ; 


Croll, J. On the thickness of the Antarctic Ice, and its relations 
to that of the Glacial Epoch. 8vo. London, 1879. Presented 
by W. Whitaker, Esq., P.RS., F.GS. 


Crosskey, H. W. Notes on the Glacial Geology of the Midlands. 
8vo. Birmingham, 1888. 


Dakota School of Mines. See Carpenter, PF. R. 


Dana, J. D. <A brief History of TaconicIdeas. S8vo. New Haven, 
1888. 


American Report to the International Congress of Geologists 
at the Meeting in London commencing September 17, 1888. 
8vo. New Haven, 1888. 


Darwin, F. The Life and Letters of Charles Darwin, including an 
autobiographical chapter. 3 vols. 8vo. London, 1887. Pur- 
chased. 


Davis, J. W. Second Report of the Committee appointed for the 
purpose of ascertaining and recording the localities in the British 
Islands in which evidences of the existence of Prehistoric Inhabi- 
tants of the country arefound. 8vo. London, 1888. Presented 
by Rev. J. Magens Mello, #.GS. . 


Davison, C. Note on M. Ph. Plantamour’s Observations by means 
of Levels on the Periodic Movements of the Ground at Sécheron, 
near Geneva. 8vo. London, 1889. 


Dawson, G. M. Notes on the Indian Tribes of the Yukon District 
and adjacent northern portion of British Columbia. 8vo. 1889. 


Dawson, Sir J. W. Specimens of LHozoon canadense and their 
Geological and other Relations. 8vo. Montreal, 1888. 


Delgado, J. F. N. da EH. Relatorio acerca da quarta sessio do Con- 
eresso Geologico Internacional realisada em Londres no mez de 
Setembro de 1888. 4to. Lisbon, 1889. 


Derby, O. A. Notas sobre meteoritos Brasileiros, and Nota sobre 
a localidade do Ferro Nativo de Santa Catharina por Lwz F, 
Gonzaga de Campos. 8vo. 1888 ? 


On the occurrence of Monazite as an accessory Element in 
Rocks. 8vo. New Haven, 1889. 


Dewalque, G. Notice sur Frangois-Léopold Cornet. 12mo. Brus- 
sels, 1889. 


Diesterweg, K. Beschreibung des Bergreviers Wied. 8vo. Bonn, 
1888. Purchased. 
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Dolifus, G. T. Une coquille remarquable des Faluns de lAnjou, 
Melongena cornuta, Agassiz, sp. (Pyrula). 8vo. Angers, 1888. 
Presented by W. Whitaker, Esq., P.RS., PGS. 


Dolio, L. Premicre note sur le Hainosaure, Mosasaurien nouveau 
de la craie brune phosphatée de Mesvin-Ciply, prés Mons. 8vo. 
Brussels, 1885. 


Premiére note sur les Chéloniens Oligocénes et Néogéenes de 
la Belgique. S8vo. Brussels, 1888. 


Sur la signification du ‘‘ Trochanter pendant” des Dinosau- 
riens. S8vo. Paris, 1888. 


——. Encore un mot sur | Aachenosaurus multidens, G. Smets.. 
Svo. Brussels, 1889. 


Dorlhac, J. See France. 


Drayson, A. W. Thirty Thousand Years of the Karth’s past history 
read by aid of the Discovery of the Second Rotation of the Earth. 
8vo. London, 1888. 


Drummond, A. T. The Great Lake Basins of the St. Lawrence. 
8vo. Montreal, 1889. 


Duncan, P. Martin. On some Points in the Anatomy of the Species 
of Palwechinus (Scouler), M*Coy, and a proposed Classification. 
8vo. London, 1889. 


,and W. Percy Sladen. Objections to the Genera Pseudopy- 
gaulus, Coquand, Trachyaster, Pomel, and Dztremaster, Munier- 
Chalmas; their Species restored to Holampas, Dune. and Sladen, 
and Hemiaster, Desor. 8vo. London, 1888. 


Dunker, W. Beschreibung des Bergreviers Coblenz II. 8vo. 
Bonn, 1884. Purchased. 


Egglestone, W. M. A productive mountain rock. The Great Lime- 
stone: relating chiefly to the Weardale Limestone Quarries and 
the Weardale Lead and Iron Mines. 8vo. Stanhope, 1888. 


Encyclopedia Britannica. 9th edition. Vol. xxiv. URA-ZYM. 
4to. Edinburgh, 1888. Purchased. 


——. ——. Index. 4to. Edinburgh, 1889. Purchased. 


England and Wales. Geological Survey. Memoirs. Geology of the 
Oolitic and Cretaceous Rocks South of Scarborough, by C. Fox- 
Strangways. The Lists of Fossils revised by R. Etheridge. Ex- 
planation of Quarter Sheets, 95 8.W. and 958.E. 8vo. London, 
1880. 


Geology of the south-west part of Lincoln- 
shire, with parts of Leicestershire and Nottinghamshire (Expla- 
nation of sheet 70), by A. J. Jukes-Browne. Parts by W. H. 
Dalton. 8vo. London, 1885. 
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England and Wales. Geological Survey. Memoirs. The Felsitic 
Lavas of England and Wales, by Frank Rutley. 8vo. London, 
1885. 


. The Geology of Holderness and the adjoining 
parts of Yorkshire and Lincolnshire, by Clement Reid. 8vo. 
London, 1885. 


. The Geology of the country around Ipswich, 
Hadleigh, ‘and F elixstow. (Explanation of quarter-sheets 48 
INOW. and N.E.) by W. Whitaker (with notes by W. H. Dalton 
and F. J. Bennett). S8vo. London, 1885. 


The Geology of the coasts adjoining Rhyl, 
Abergele, and Colwyn. (Explanation of quarter-sheet 79 N.W.) 
by A. Strahan. S8vo. London, 1885. 


. The Geology of the country around Ald- 
borough, Framlingham, Orford, and Woodbridge. (Explanation 
of quarter-sheets 49 S. and 50 8.E.) by W. H. “Dalton, edited by 
W. Whitaker. 8vo. London, 1886. 


——_—_—-, 


——. The Geology of the country between and 
south of Bury St. Edmunds and Newmarket. (Explanation of 
quarter-sheet 51 S.E.) by F. J. Bennett and J. H. Blake, edited 
by W. Whitaker. 8vo. London, 1886. 


. The Geology of the ee around Driffield. 
(Explanation of the quarter- -sheet 94 N .W.; New Series sheet 64) 
by J. R. Dakyns and C. F ox-Strangways, 8vo. London, 
1886. 


The Geology of the country around North- 
allerton and Thirsk. (Explanation of quarter-sheets 96 N.W. 
and 96 S.W.; New Series sheets 42 and 52) by C. Fox-Strang- 
ways, A. G. Cameron, and G. Barrow. S8vo. London, 1886. 


: Quarter-sheets 93 S.E., 94 S.W., and part 
of 86. Geology of the country between York and Hull. (Ex- 
planation of quarter-sheets 93 S.E., 94 S.W., and part of 86) by 
J. R. Dakyns, C. Fox-Strangways, and A. G. Cameron. 8vo. 
London, 1886. 


: . The Geology of the Carboniferous Limestone, 
Yoredale Rocks, and Millstone Grit of North Derbyshire (parts of 
sheets 88 8.E., 81 N.E., 81 8.E., 72 N.E., 82 N.W., 62 5. 
and 71 N.W.) by A EL, "Green, CG. Le Neve Foster, and J. R. 
Dakyns. 2nd edition, with Additions by A. Green and A. Strahan. 
8vo. London, 1887. 


: : The Geology of the country around Hales- 
worth and Harleston. (Explanation of quarter-sheet 50 N.E.) 
by W. Whitaker and W. H. Dalton. 8vo. London, 18387. 
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England and Wales. Geological Survey. Memoirs. Geology of 
part of East Lincolnshire, including the country near the towns 
of Louth, Alford, and Spilsby. (Explanation of sheet 84) by A. J. 
Jukes-Browne. 8vo. London, 1887. 


: . The Geology of the country around Otter- 
burn and Elsdon. (Explanation of quarter-sheet 103 8.E.) 
(New Series, sheet 8) by Hugh Miller, with Notes by C. T. Clough. 
8vo. London, 1887. 


————— 
e 


: . The Geology of Southwold and the Suffolk 
Coast from Dunwich to Covehithe. (Explanation of sheet 49 N.) 
by W. Whitaker. 8vo. London, 1887. 


. . Geology of North Cleveland. Cee 
of “quarter-sheets 104 8.W., 8.E.) (New Series 34, 35) by G 
Barrow. 8vo. London, 1888. 


The Geology of the country around Kendal, 
Sedbergh, Bowness and Tebay. (Explanation of quarter- -sheet 
98 NE, New Series sheet 39) by W.'T. Aveline and T. M°K. 
Hughes. Second edition, by A. Strahan. 8vo. London, 1888. 


. The Geology of the country around Lincoln. 
(Explanation of sheet 83) by W. A. E. Ussher, A. J. Jukes- 
Browne, and Aubrey Strahan. 8vo. London, 1888. 


Hiheridge, R. Fossils of the British Islands stratigraphically and 
zoologically arranged. Vol.i. Paleozoic, comprising the Cam- 
brian, Silurian, Devonian, Carboniferous, and Permian Species, 
with supplementary appendix brought down to the end of 1886. 
Ato. Oxford, 1888. 


Hitingshausen, Constantin von. Die fossile Flora von Leoben in 
Steiermark. S8vo. Vienna, 1888. 


Die fossile Flora von Leoben in Steiermark. Theil I. u. II. 
Ato. Vienna, 1888. 


,und Franz Krasan. Beitriige zur Erforschung der atavistischen 
Formen an lebenden Pflanzen und ihrer Beziehungen zu den 
Arten ihrer Gattung. 4to. Vienna, 1888. 


, und Franz Standfest. Ueber Myrica lignitum, Ung., und ihre 
Beziehungen zu den lebenden Myrica-Arten. 4to. Vienna, 
1888. 


Everman, J. On the Mineralogy of the French Creek Mines, in 
Pennsylvania. 8vo. New York, 1889. 


Falsan, A. La Période Glaciaire étudiée principalement en France 
et en Suisse. S8vo. Paris, 1889. Purchased. 


Favenc, E. The History of Australian Exploration from 1788 to 
1888. 8vo. Sydney, 1888. Presented by the Agent-General for 
New South Wales. 


e 


—— | 
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Feilden, H. W. Presidential Address read to the Members of the 
Norfolk and Norwich Naturalists’ Society at their Seventeenth | 
Annual Meeting, 1886. 8vo. Norwich, 1886. Presented by 
W. Whitaker, Hsq., F.RS., GS. 


Felix, J. Ueber einen Besuch des Jorullo in Mexico. S8vo. Berlin, 
1888. 


Untersuchungen iiber fossile Holzer. 3tes Stick. 8vo. 
Berlin, 1888. 


Finland. fFinlands Geologiska Undersékning. Beskrifning till 
Kartbladet No. 10 af K. A. Moberg. 8vo. Helsingfors, 1887. 


No. 11 af K. A. Moberg. 8vo. Helsingfors, 


eee 


1887. 


Fontannes, F. LHtudes stratigraphiques et paléontologiques pour 
servir 4 Vhistoire de la Période Tertiaire dans le Bassin du Rhone. 
Mémoire posthume rédigé et complété par C. Depéret.—IX. Les 
terrains tertiaires marins de la céte de Provence. Partiel. 8vo. 
Paris, 1889. Purchased. 


Fonvielle, W. de. Le Pétrole. 8vo. Paris, 1888. Presented by 
H. Bauerman, Esq., F.GS. 


Fordham, H. G. A record of Water-level in a Deep Chalk Well at 
Barley, Herts, 1864-86. 8vo. Hertford, 1888. 


. The Meteorite of the 20th of November,1887. 8vo. Hert- 
ford, 1888. 


Fornasini, C. Tayola paleo-protistografica. S8vo. Rome, 1887. 


Minute forme di rizopodi reticolari nella marna pliocenica 
del Ponticello di Savena, presso Bologna. 8vo. Bologna, 1889. 
Presented by C. D. Sherborne, Hsq., F.GS. 


Foster, C. Le Neve. Some mining notes in 1887. 8vo. Truro, 
1888. 


France. Carte Géologique de la France. Explication de la Carte 
Géologique de la France rédigée par MM. Dufrénoy et Elie de 
Beaumont. Tome iii. Premicre Partie, par A. Dufrénoy. $vo. 
Paris, 1873. Purchased. 


Carte Géologique détaillée de la France. Explication, 
Tome iv. Partie 2. Végétaux fossiles du terrain houiller par R. 
Zeiller. Ato. Paris, 1879. Purchased. 


, Tome iv. Atlas. Premiére partie. Fossiles 
principaux des terrains par E. Bayle. Secondepartie. Végétaux 
fossiles du terrain houiller, par R. Zeiller. 4to. Paris, 1878. . 
Purchased. 


, Mémoires pour servir 4 l’explication de la. L’Ard- 
enne par J. Gosselet. 4to. Paris, 1888. Purchased. 
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France. Etudes des Gites Minéraux de la France. Bassin Houiller 
de Brioude et de Brassac par J. Dorlhac. Bassin Houiller de 
Langeac par Amiot. Text 4to. Paris, 1881, and Fol. Atlas. 
Purchased. 


: Bassin Houiller de la Loire, par L. Griiner. 
Partielet2. Text 4to. Paris, 1882, and Fol. Atlas. Purchased. 


' Bassin Houiller de Ronchamp par EK. Trautmann. 
4to. Paris, 1885. Purchased. 


Bassin Houiller de Valenciennes, partie comprise 
dans le Département du Nord par A. Olry. Text 4to. Paris, 
1886, and Fol. Atlas. Purchased. 


Frazer, Persifor. An Unjust Attack. 8vo. Minneapolis, 1889. 


Freeman, H.W. Modern Bath in its medical aspects. 8vo. Bath, 
1888. Presented by H. B. Woodward, Esq., F.GS. 


Fritsch, A. Fauna der Gaskohle und der Kalksteine der Permfor- 
mation Bohmens. Band ii. Heft 3. Die Lurchfische, Dipnoi. 
Ato. Prag, 1888. 


Frohwein, E. Beschreibung des Bergreviers Dillenburg. 8vo. 
Bonn, 1885. Purchased. 


Gaudry, A. Sur les dimensions gigantesques de quelques mammi- 
féres fossiles. 4to. Paris, 1888. 


Geikwe, Archibald. ‘The History of Volcanic Action during the Ter- 
tiary Period in the British Islands. 8vo. Edinburgh, 1888. 


—. ——. 4to. Edinburgh, 1888. 


Gilbert, G. K. Changes of Level of the Great Lakes. 8vo. New 
York, 1888. 


Gilpin, E., Jun. Notes on the Nova Scotia Gold Veins. 4to. Mon- 
treal, 1888. 


The Carboniferous of Cape Breton, with Introductory Re- 
marks. PartlII. 8vo. Halifax, N.S., 1888. 


——. Coal Mining in Nova Scotia. 8vo. Montreal, 1889. 


Goldschmidt, Victor. Index der Krystallformen der Mineralien. 
Band 2. Hefte 4,5. 8vo. Berlin, 1888-89. Purchased. 


Band 38. Hefte2,3. 8vo. Berlin, 1888. Purchased. 
Gonzaga de Campos, Imz F. See Derby, O. A. 


Goodchild, J. G. Some Observations upon the Natural History of 
Gypsum. 8vo. Carlisle, 1888. 


—. The Old Lakes of Edenside. 8vo. Carlisle, 1888. 


Goodchild, J. G. The Physical History of Greystoke Park and the 
Valley of the Petteril. 8vo. Carlisle, 1888. 
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Gorham, John. A system for the construction of Crystal Models on 
the type of an ordinary plait ; exemplified by the forms belonging 
to the six Axial Systems in Crystallography. 8vo. London, 1888. 


Gosselet, J. Etudes sur l’origine de l’ottrélite. 17° étude. L/ottré- 
lite dans le salmien supérieur. S8vo. Lille, 1888. 


L’Ardenne. (Mémoires pour servir 4 l’explication de la Carte 
Géologique détaillée de la France.) 4to. Paris, 1888. 


Lecon d’ouverture du cours de géologie appliquée a la 
géographie professé 4 la Faculté des Sciences de Lille. 8vo. 
Lille, 1888. 


——. Lecons sur les nappes aquiféres du nord de la France. 8vo. 
Lille, 1888. 


——. Sur la présence du Coticule dans le poudingue de Salm-le- 
Chateau et de la Biotite dans les schistes qui accompagnent 
Varkose gedinienne. 8vo. Lille, 1888. 


Lecons sur les Gites de Phosphate de Chaux du Nord de la 
France. 8vo. Lille, 1889. 


——. L’Ardenne. 8vo. Lille, 1889. 


[On the Bane d’or puddingstone of Bachant and on the silica 
of the sand of Louroil.} 8vo. Lille, 1888. 


Great Britain and Ireland. Mining and Mineral Statistics of the 
United Kingdom of Great Britain and Ireland, for the year 1887. 
4to. London, 1888. Presented by Her Majesty’s Secretary of 
State for the Home Department. 


Greenhill, J. E. Prehistoric Hackney. Svo. London, 1881 and 
1883. Presented by W. Whitaker, Esq., PRS., F.GS. 


Greenland. Meddelelser om Groénland, udgivne af Commissionen 
for Ledelsen af de geologiske og geographiske Underségelser 1 
Grénland. Hefte 9 and 10. Svo. Copenhagen, 1888-89. 
Purchased. 


Gregorio, A. de. Fossili dei dintorni di Pachino. 8vo. Palermo, 
1882. 


——. Una gita sulle Madonie e sull’ Etna. S8vo. Turin, 1882. 


Moderne nomenclature des coquilles des gastéropodes et des 
pélécypodes. 8vo. Palermo, 1883. : 


—. Iconografia della fauna dell’ orizzonte Alpiniano (Giura 
Inf.—Lias sup.). 4to. Palermo, 1886. 


Gregorio, A. de. Nota intorno ad alcuni fossili di Asiago (Alpi dei 
Sette Comuni) del sottorizzonte Ghelpino De Greg. ossia della 
zona a Posidonomya alpina, Gras. 8vo. Palermo, 1886. 
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Gresley, W. S. Note on further discoveries of Stagmaria (? Ficoides) 
and their Bearing upon the Question of the Formation of Coal- 
beds. S8vo. Birmingham, 1889. 


Griiner, L. See France. 


Gimbel, C. W.v. Geologisches aus dem Engadin. 8vo. ?Coire, 
1888. 


Das Erdbeben vom 22. Februar 1889 in der Umgegend von 
Neuberg a. D. 8vo. Munich, 1889. 


Gwinnell, W. F. Geology in Notes and Tables for Teachers and 
Taught. Second Edition. 8vo. London, 1889. 


Haas, H. J. Die geologische Bodenbeschaffenheit Schleswig- 
Holsteins mit besonderer lBerticksichtigung der erratischen 
Bildungen in ihren Grundziigen fur die Gebildeten aller Stiinde 
gemeinfasslich Dargestellt. 8vo. Kiel, 1889. Purchased. 


Handmann, R. Die fossile Conchylienfauna von Leobergsdorf im 
Tertiirbecken von Wien. 8vo. Minster, 1887. 


Die Neogenablagerungen des osterreichisch-ungarischen 
Tertiirbeckens. S8vo. Miinster, 1887. 


——. Kurze Beschreibung (Charakteristik) der hiiufigsten und 
wichtigsten Tertiarconchylien des Wiener Beckens. 12mo. 
Minster, 1888. 


Hanks, H. G. Coal and Iron Interests of the Pacific Coast. 8vo. 
San Francisco, 1888. 


Hantken, Max. Der ofner Mergel. 8vo. Pest, 1873. Presented 
by W. Whitaker, Esq., F.RS., BGS. 


Die Kollektiv-Ausstellung ungarischer Kohlen auf der 
wiener Weltausstellung, 1873. 8vo. Pest, 1873. Presented by 
W. Whitaker, Esq., PRS. F.GS. 


——.. Die Mittheilungen der Herren Kdm. Hébert und Munier 
Chalmas iiber die ungarischen alttertiiren Bildungen. 8vo. 
Budapest, 1879. Presented by W. Whitaker, Hsq., P.RS., 
EGS. 


———. Das Erdbeben von Agram im Jahre 1880. 8vo. Budapest, 
1882. Presented by W. Whitaker, Esq., P.RS., PGS. 


——.. Die Clavulina Szaboi-Schichten im Gebiete der Euganeen 
und der Meeralpen und die cretacische Scaglia in den Kuganeen. 
Svo. Budapest, 1884. Presented by W. Whitaker, Esq., F.RS., 


Uj adatok a buda-nagykovacsii hegység és az estergomi 
vidék fold és oslénytani ismeretéhez. 8vo. Budapest, 1884. 
Presented by W. Whitaker, Esq., PRS., F.GS. 
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Hantken, Max. Amerikai Nummulitok. 8vo. Budapest, 1886. 
Presented by W. Whitaker, Esq., FBS. F.GS. 


Tinnyea Vasarhelyn, nov. gen. et nov. spec. 8vo. Buda- 
pest, 1887. Presented by W. Whitaker, Esq., F.RS., F.GS. 


Die Kohlenflotze und der Kohlenbergbau in den Liandern 
der Ungarischen Krone. 8vo. Budapest, 1878. Presented by 
W. Whitaker, Esq., F.RS., F.GS. 


Hargraves, E. H. Address to the Honourable Members of the 
Legislature of Victoria, on the subject of the Gold Discovery of 
February 12,1851. 8vo. Sydney, 1887. 


Harker, A. Woodwardian Museum Notes: on some Anglesey 
Dykes. I-III. 8vo. London, 1887-88. 


Notes on the Geology of Mynydd Mawr and the Nantille 
Valley. 8vo. London, 1888. 


Additional Note on the Blue Hornblende of Mynydd Mawr. 
Svo. London, 1888. 


Notes on Hornblende as a Rock-forming Mineral. §8vo. 
Cambridge, 1888. 

On the Eruptive Rocks in the Neighbourhood of Sarn, 
Caernarvonshire. S8vo. London, 1888. 


Harkness, Robert. Obituary Notice. S8vo. London, 1878. 


On the Silurian Rocks of the South of Scotland, and the 
Gold Districts of Wanlockhead and the Lead Hills. 8vo. 
London, 1852. 

On the Silurian Rocks of Kirkcudbrightshire. Svo. Lon- 
don, 1853. 


On the Sandstones and Breccias of the South of Scotland of 
an age subsequent to the Carboniferous Period. 8yvo. London, 
1856. 


On the lowest Sedimentary Rocks of the South of Scotland. 
Syo. London, 1856. 


On the Rocks of portions of the Highlands of ,Scotland 
south of the Caledonian canal and on their equivalents in the 
North of Ireland. 8vo. London, 1861. 


On the Metamorphic Rocks of the Banffshire Coast, the 
Scarabins and a portion of East Sutherland. Svo. London, 
1862. 


On the Sandstones and their associated Deposits in the Vale 
of the Eden, the Cumberland Rain, and the South-east of Dum- 
friesshire. Svo. London, 1862. 
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Harkness, Robert. On the position of the Pteraspis Beds, and on 
the Sequence of the Strata of the Old Red Sandstone Series of 
South Perthshire. 8vo. London, 1862. 


On the Reptiliferous Rocks and the Foot-print bearing 
Strata of the North-east of Scotland. S8vo. London, 1864. 


On the Lower Silurian Rocks of the South-east of West- 
morland. 8vo. London, 1865. 


On the Metamorphic and Fossiliferous Rocks of the County 
of Galway. 8vo. London, 1866, 


Presidential Address delivered before Section C of the 
British Association, 19th August, 1869. 8vo. London, 1869. 


——. On the Middle Pleistocene Deposits. 8vo. London, 1869. 
cae, Elephant Remains in Ireland. 8vo. London, 1870. 


On the Distribution of Wastdale-Crag Blocks, “ Shap-Fell 
Granite Boulders,’ in Westmorland. 8vo. London, 1870. 


——. On Coturite, a new Variety of Quartz. 8vo. London, 


1878. 

, and H. Nicholson. On the Lower Silurian Rocks of the Isle 
of Man. 8vo. London, 1866. 

——, ——. On the Coniston Group. S8vo. London, 1868. 


, On the Strata and their Fossil Contents between the 
Borrowdale Series of the North of England and the Coniston 
Flags. S8vo. London, 1877. 


' , and J. W. Salter. Additional observations on the 
Geology of the Lake-country, with a Note on two new species of 
Trilobites. 8vo. London, 1866. 


., and J. W. Salter. On the Skiddaw Slate Series, with a Note 
on the Graptolites. 8vo. London, 1863. This series of Me- 
mows presented by J. G. Goodchila, Esq., P.GS. 


Harley, G. What is aGeyser? 8vo. London, 1889. 


Harrison, J. T. Essay on Physical Geography and Geology. 8vo. 
London, 1888. (Privately printed.) 


Hatch, F. H. On the Spheroid-bearing Granite of Mullaghderg, 
Co. Donegal. 8vo. London, 1888. : 


Notes on the Petrographical Characters of some Rocks col- 
lected in Madagascar, by the Rev. R. Baron. 8vo. London, 1889. 


Haviland, A. Scarborough as a Health Resort: Its physical 
geography, geology, climate, and vital statistics, with health 
euide, map, &c. S8vo. london, 13883. Presented by W. 
Whitaker, Esq., F.BRS., F.GS. 
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Haviland, A. “Mann” or “Man.” 8yvo. Douglas, 1888. 


Hazell’s Annual Cyclopedia, 1889. Edited by #. D. Price. 8vo. 
London, 1889. 


Heer, Oswald. Lebenshild eines schweizerischen Naturforschers. 
I. Die Jugendzeit, von J. Justus Heer; IJ. Forscherarbeit und 
Personlichkeit, von C. Schroter und Gustay Stierlin; III. O. 
Heer als Mensch und Biirger in seiner spatern Lebensperiode, 
von Gettfried Heer. 8vo. Zurich, 1888. 


Hesse. Grossherzoglich hessische geologische Landesanstalt. Ab- 
handlungen. Bandi. Heft 3. Der Meeresand zwischen Alzez 
und Kreuznach von H. Schopp. 8vo. Darmstadt, 1889. 


: Bandi. Heft 3. Beitrag zur Kenntniss 
des kornigen Kalkes von Auerbach-Hochstédten, von F. yon 
Tchihatchef. 8vo. Darmstadt, 1888. 


Hinde, G. J. On some new Species of Uruguaya, Carter, with 
Remarks on the Genus. 8vo. London, 1888. 


On Archeocyathus, Billings, and on other Genera, allied to 
or associated with it, from the Cambrian Strata of North America, 
Spain, Sardinia, and Scotland. 8vo. London, 1889. 


Hughes, T. M‘K. [Woodwardian Museum.|] 4to. Cambridge, 
1887. 


Hundt, T., G. Gerlach, F. Roth, und W. Schmidt. Beschreibung der 
Bergreviere Siegen I., Siegen I1., Burbach und Misen. 8vo. Bonn, 
1887. Purchased. 


Hyland, J. S. Ueber die Gesteine des Kilimandscharo und dessen 
Umgebung. 8vo. Vienna, 1888. 


India. Geological Survey. Records. Vol. xxi. Parts 2-4. 1888. 
—. —. ——. Vol. xxii. Partl. 1889. 


India Office. Catalogue of the Library. Vol. 1. 8vo. London, 
1888. Presented by the Secretary of State in Council for India. 


=, Vol, = index. . Sve: ondom, Voce ur 


Irving, A. Further notes on dissociation by contact-action. 8vo. 
London, 1888. 


—. Supplement to thesis on Rock-metamorphism. 8yvo. Wel- 
lington College, 1888. 


Issel, Arturo. Bibliografia Scientifica della Liguria.—I. Geologia, 
Paleontologia, Mineralogia, Geografia, Meteorologia, Etnografia, 
Paletnologia e Scienze affini. 8vo. Genoa, 1887. 


——. Il terremoto del 1887 in Liguria. 8vo. Genoa, 1888. 
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Italy. R. Ufficio Geologico. Brevi cenni relativi alla Carta Geolo- 
gica della Campagna Romana con le Regioni limitrofe. 8vo. 
Rome, 1889. 


: Memorie descrittive della Carta Geologica d’ Italia. 
Vol. iv. Descrizione. geologico-mineraria dell’ Iglesiente (Sar- 
degna) diG. Zoppi. 8vo. Rome, 1888. 

5 : Atlante. Annesso al Vol. iv. 8vo. Rome, 
1888. See also Mars and Prrtopicats, Rome. 


Jack, R.L. The Mineral Wealth of Queensland. 8vo. Brisbane, 
1888. 


See Queensland. 


James, J. F. Charles Robert Darwin [Obituary Notice]. 8vo. 
Cincinnati, 1882. 


——. The Fucoids of the Cincinnati Group. 8vo. Cincinnati, 
1884. 


——. Are there any fossil Alege? S8vo. Philadelphia, 1835. 


——. Cephalopoda of the Cincinnati Group. 8vo. Cincinnati, 
1886. 


Note on a recent synonym in the Paleontology of the Cin- 
cinnati Group. 8vo. Cincinnati, 13886. 


Account of a Well drilled for Oil or Gas at Oxford, Ohio, 
May and June, 1887. 8vo. Cincinnati, 1887. 


——. The Ivorydale Well in Mill Creek Valley. 8vo. Cincinnati, 
1888. 


An Ancient Channel of the Ohio River at Cincinnati. S8vo. 
Cincinnati, 1888. 


== 8 Zelles liv. 


James, U. P. Catalogue of Lower Silurian Fossils of the Cincinnati 
Group, found at Cincinnati and vicinity. New edition. 8vo. 
Cincinnati, 1875. Presented by J. F. James, Esq. 


The Paleontologist. Nos. 1-7. 8vo. Cincinnati, 1878-82. 
Presented by J. F. James, Esq. 


, and J. F. James. On the Monticuliporoid Corals of the Cin- 
cinnati Group, with a critical revision of the species. 8vo. 
Cincinnati, 1887-88. 


Uriah Pierson James [Obituary Notice]. S8vo. Minnea- 
polis, 1889. 

Jervis, G. I Tesori Sotterranei dell’ Italia. Parte 4. 8vo. Turin, 
1889. 


Johnston, R. M. Systematic account of the Geology of Tasmania. 
Ato. Hobart, 1888. Presented through the Premier’s Office, 
Hobart. 
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Jones, T'. Rupert. Geological and Natural History Survey of Canada. 
Annual Report. New Series. Vol. 11. (for 1886), 1887. (Review). 
Slip. London, 1888. 


An Undescribed Carboniferous Fossil. S8vo. London, 


1888. 
Notes on the Paleozoic Bivalved Entomostraca. No. xxv. 
On some Silurian Ostracoda from Gothland. 8vo. London, 1888. 


No. xxvl. On some new Devonian Ostracoda. With 
a Note on their Geological Position, by the Rey. G. F. Whidborne. 
8vo. London, 1888. 


: . No. xxvii. On some North-American (Canadian) 
Species. 8vo. London, 1889. 


Ostracoda from the Weald Clay of the Isle of Wight. 8vo. 
London, 1888. 


Review of ‘Geology ; Chemical, Physical, and Stratigra- 
phical. By Joseph Prestwich. Slip. 1888. 


The Subterranean Treasures of Italy, by Il Cav. W. P. Jervis. 
Part IV. (Review.) 8vo. London, 1889. 


(Secretary), R. Etheridge, and H. Woodward. Sixth Report 
of the Committee on the Fossil Phyllopoda of the Paleozoic Rocks, 
"1888. 8vo. London, 1888. 


,and C. D. Sherborn. <A supplementary richie of the 
Tertiary Entomostraca of England. 8vo. London, 1889. 


Julien, A.A. The Decay of the Building Stones of New York City. 
Svo. New York, 1880. 

. The Genesis of the Crystalline Iron-Ores. 8yo. Philadel- 
phia, 1882. 

——. The Dunyte-Beds of North Carolina. S8vo. Boston, 1882. 


. Notes on the Glaciation of the Shawangunk Mountain, N. Y. 
Svo. New York, 1884. 


——. The Sealed Flasks of Crystal. 8vo. New York, 1885. 


The Microscopical Structure of the Iron Pyrites. 8vo. New 
York, 1886. 


On the variation of decomposition in the Iron Pyrites; its 
cause and its relation to density. Parts i.and II. 8vo. New 
York, 1886-87. 

On the Geology of Great Barrington, Massachusetts. 8vo. 
New York, 1887. 


Kinahan, G. H. ‘The Lagoons on the South-east coast of Ireland. 
Svo. London, 1876. Presented by W. Whitaker, Esq., F.BS., 
TGS: 
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Kinne, Fr. Leopold. Beschreibung des Bergreviers Riinderoth. 
8vo. Bonn, 1884. Purchased. 


Kénen, A. von. Das Norddeutsche Unter-Oligociin und seine Mol- 
lusken-Fauna. Lieferung 1. 8vo. Berlin, 1889. 


Krakatoa Committee Report. See PEeriopicazs, Royal Society. 


Kratow, P. Ueber die Meteoriten von Ochansk. S8vo. Kasan, 
1887. (In Russian.) 


Lapworth, C. See Page, D. 
Laspeyres, H. See Vom Rath, G. 


Lehmann, J. Mittheilungen aus dem mineralogischen Institut der 
Universitit Kiel. 8vo. Kiel, 1888. 


Lesquereux, Leo. Fossil Plants collected at Golden, Colorado. 8ve. 
Cambridge, 1888. 


Recent determinations of Fossil Plants from Kentucky, 
Louisiana, Oregon, California, Alaska, Greenland, &c., with de- 
scriptions of new species. 8vo. Washington, 1888. 


Lindstrém, G. List of the Fossil Faunas of Sweden.—Il. Upper 
Silurian. S8vo. Stockholm, 1888. 


Léffetholz, C. Die Drehung der Erdkruste in geologischen Zeit- 
riumen. S8vo. Munich, 1886. 


Lovén, S. Onarecent form of the Echinoconide. S8vo. Stock- 
holm, 1888. 


Iucy, W. C. The Origin of the Cotteswold Club, and an epitome 
of the Proceedings from its Formation to May, 1887. 8vo. 
Gloucester, 1888. ; 


Lundgren, B. Ofversigt af Sveriges Mesozoiska Bildningar. 4to. 
Lund, 1888. 


Lydekker, R. Catalogue of Vertebrate Fossils from the Siwaliks of 
India in the Science and Art Museum, Dublin. 4to. Dublin, 
1884. 


-——. Catalogue of the remains of Siwalik Vertebrata contained 
in the Geological Department of the Indian Museum, Calcutta. 
Parts 1&2. 8vo. Calcutta, 1885-86. 


Catalogue of the remains of Pleistocene and Pre-historic 
Vertebrata contained in the Geological Department of the Indian 
Museum, Calcutta. 8vo. Calcutta, 1886. 


. On anew Emydine Chelonian from the Piiocene of India. 
8vo. London, 1886. 
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Lydekker, R. Description of a Jaw of Hyotherium from the Plio- 
cene of India. 8vo. London, 1887. 

——. The Cetacea of the Suffolk Crag. S8yo. London, 1887. 


British Museum Catalogue of Fossil Reptilia, and Papers on 
the Enaliosaurians. Svo. London, 1888. 


Note on a new Wealden Iguanodont and other Dinosaurs. 
8vo. London, 1888. 


——. Notes on Indian Fossil Vertebrates. S8vo. Calcutta, 1888. 


——. Notes on Tertiary Lacertilia and Ophidia. S8vo. London, 
1888. 


——. Notes on Siwalik and Narbada Chelonia. 8vo. Calcutta, 
1889. 


Notothervum and Zygomaturus. 8vo. London, 1889. 


y 


——. Ona Celuroid Dinosaur from the Wealden. 8vo. London, 
1889. 


On the Generic Position of the so-called Plesiosaurus indicus. 
Svo. Calcutta, 1889. 


On the Remains and Affinities of five Genera of Mesozoic 
Reptiles. 8yvo. London, 1889. 


M°Kay, A. See New Zealand. 


Malloizel, G. Oswald Heer. Bibliographie et Tables Iconogra- 
phiques ; précédé d’une Notice Biographique par R. Zeiller. 8vo. 
Stockholm, 1888. Presented by Dr. A. G. Nathorst, F.C.GS. 


Mansel-Pleydell, J.C. On a Fossil Chelonian Reptile from the 
Middle Purbecks.. 8vo. Sherborne, 1885. 


——. On Volcanos and Earthquakes. 8vo. Sherborne, 1886. 
——. Fossil Reptiles of Dorset. 8vo. Dorchester, 1888. 


——. Note on a Plesiosaurus from the Oxford Clay. Newspaper, 
1888. 


Notes on a Cone from the Inferior Oolite Beds of Sher- 
borne. S8vo. Sherborne jn. d.]. 


Mantell,G. A. Thoughts on a Pebble, or, a First Lesson in Geology. 
8vo. London, 1849. Presented by W. 8S. Dallas, Esq., F.LS. 


Marcou, J. American geological classification and nomenclature. 
Svo. Cambridge, Mass., 1888. 


Biographical Notice of Bernhard Studer. 8vo. Cambridge, 
Mass., 1888. 


——. Geology of the Vicinity of Quebec City. 8vo. Minneapolis, 
1888. 
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Marcou, J. On some dates in the “ Report on the Geology of 
Vermont.” 8vo. Boston, 1888. 


——. Paleontologic and stratigraphic ‘principles ” of the adver- 
saries of the Taconic. 8yvo. Minneapolis, 1888. 


Sur les cartes geologiques a l’occasion du ‘‘ Mapoteca geolo- 
gica Americana.” 8vo. Besancon, 1888. 


. The Taconic of Georgia and the Report on the Geology of 
Vermont. 4to. Boston, 1888. 


——. Jarrande and the Taconic System. S8vo. Minneapolis, 
1889. 


. Canadian Geological Classification for the Province of Quebec. 
Svo. Boston, 1889. 


Some remarks on Professor H. 8. Williams’s Report of the 
Sub-Committee on the Upper Paleozoic (Devonic). 8vo. Min- 
neapolis, 1889. 


The original locality of the Gryphea Pitcheri, Morton. 8vo. 
Minneapolis, 1889. 


Marr, J. EK. On some well-defined Life-zones in the Lower Part 
of the Silurian (Sedgwick) of the Lake-district. S8vo. London, 
1878. 


On the Cambrian (Sedgw.) and Silurian Beds of the Dee 
Valley, as compared with those of the Lake-district. 8vo. 
London, 1880. 3 


—. On the Predevonian Rocks of Bohemia. 8vo. London, 
1880. 


. On some Sections in the Lower Paleozoic Rocks of the 
Craven District. 8vo. Halifax, 1881. 


. The Classification of the Cambrian and Silurian Rocks. 
8vo. London, 1881. 
Cambridge University Local Lectures. Syllabus of a course 
of twelve lectures on Geology, especially that of the Lake-district. 
8vo. Carlisle, 1882. 


On the Cambrian (Sedgw.) and Silurian Rocks of Scandi- 
navia. 8vo. London, 1882. 


——, Origin of the Archean Rocks. 8vo. London, 1883. 


. The Lower Paleozoic Rocks of the Neighbourhood of Haver- 
fordwest. 8vo. london, 1888. 


The Karth-History of the remote past compared with that 
of recent times; being an opening lecture delivered in the Wood- - 
wardian Museum in April 1886. 8vo. Cambridge, 1886. 
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Marr, J. E. On Homotaxis. 8vo. Cambridge, 1887. 


——. The Glacial Deposits of Sudbury, Suffolk. 8vo. London, 
1887. 


——. The Lower Paleozoic Rocks near Settle. S8vo. London, 
1887. 


——. The Work of Ice-sheets. S8vo. London, 1887. 


. On some Effects of Pressure on the Devonian Sedimentary 
Rocks of North Devon. S8vo. Jondon, 1888. 


Cambridge University Local Lectures. Syllabus of a course 
of lectures on Pre-historic Archeology. 8vo. Norwich [n. d.]. 


—. See Nicholson, H. A. 


,and H. A. Nicholson. The Stockdale Shales. 8vo. London, 
1888. 


Mathews, W. Southampton Waterworks, 1290-1888. 8vo. South- 
ampton, 1888. Presented by W. Whitaker, Esq., F.RS., F.GS. 


Mawer, W. Primer of Micro-Petrology. 8vo. London, 1888. 


Meli, R. Sulla natura geologica dei terreni incontrati nelle fonda- 
zioni tubulari del nuovo ponte di ferro costruito sul Tevere a 
Ripetta. 4to. Rome, 1880. 


Rinvenimento di ossa fossili nei dintorni di Roma. §8vo. 
Rome, 1881. 


Sopra una nuova forma di Pecten dei depositi pliocenici di 
Civita Vecchia. 4to. Rome, 1881. 


Ulteriori notizie ed osservazioni sui resti fossili rinvenuti nei 
tufi vulcanici della provincia di Roma. 8vo. Rome, 1882. 


Sulla zona di fori, lasciati dai Litodomi pliocenici, nella cal- 
carla giurese di Fara-Sabina. 8vo. Rome, 1882. 


Cenni geologici sulla costa di Anzio e Nettuno ed elenco 
dei molluschi pliocenici ivi raccolti. S8vo. Rome, 1884. 


Adunanza generale estiva della Societa Geologica Italiana 
tenuta in Arezzo. S8vo. Rome, 1885. 


——, Bibliografia riguardante le acque potabili e minerali della 
Provincia di Roma. 8vo. Rome, 1885. 


Kchinodermi e altri fossili pliocenici di Anzio. 8vo. Rome, 
1885. 


Adunanza generale tenuta dalla Societa Geologica Italiana 
in Terni dal 24 al 27 Ottobre, 1886. 8vo. Rome, 18386. 


—. See Ponzi, G. 
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Mello, J. Magens. On the Microscopical Structure of Rocks. 8vo. 
Halifax, 1888. 


. The Prehistoric Factory of Flint Implements at Spiennes. 
8vo. London, 1888. 


Meneghini. Commemorazione di Giuseppe Meneghini fatta nell’ 
aula magna dell’ Universita Pisana ai XXIV. marzo MDCCCLXXXIXx. 


8vo. Pisa, 1889. 


Merrill, G. P. On the Serpentine of Montville, New Jersey. 8vo. 
Washington, 1888. 


On the Ophiolite of Thurman, Warren Co., N.Y., with 
remarks on the Hozoon canadense. 8vo. New Haven, 1889. 


Metcalfe, A. T. On further Discoveries of Vertebrate Remains in 
the Triassic Strata of the South Coast of Devonshire between 
Budleigh Salterton and Sidmouth. 8vo. London, 1884. (With 
MS. notes by H. J. Carter.) 


Meunier, Stanislas. Géologie régionale de la France. 8vo. Paris, 
1889. 


Michel, Lévy, A. Note sur Vorigine des terrains cristallins primitifs ; 
et Note sur les roches éruptives et cristallines des montagnes du 
Lyonnais. 8vo. Paris, 1888. 


——. Structures et classification des roches éruptives. 8vo. Paris, 


1889. 


en OSCOe 


Sur un gisement frangais de mélaphyres 4 enstatite. 4to. 
Paris, 1889. 


, et Bergeron. Mission d’Andalousie. Etude géologique de la 
Serrania de Ronde. 4to. Paris, 1888. 


, et A. Lacroix. Les Minéraux des Roches. 8vo. Paris, 1888. 
Purchased. 


Minnesota. Geological and Natural History Survey. 15th Annual 
Report for the year 1886. 8vo. St. Paul, 1887. 


: Bulletin No. 2. Preliminary description of the 
Peridotytes, Gabbros, Diabases, and Andesytes of Minnesota, by 
E. Wadsworth. 8vo. St. Paul, 1887. 


—. ——. Bulletin No.3. 8vo. St. Paul, 1887. 
—. ——. Bulletin No. 4. 8vo. St. Paul, 1887. 


. N. H. Winchell, State Geologist. Vol. 2 of the 
Pinal Report, 1882-85. The Geology of Minnesota, by N. H. 
Winchell, assisted by Warren Upham. 4to. St. Paul, Minn., 
1888. 
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Mojsisovics von Mojsvar, E. Arktische Triasfaunen. S8vo. Berlin, 
1888. 


Morgan, C. L. Elimination and Selection. 8vo. Bristol, 1888. 


Nathorst, A. G. Jordens Historia efter M. Neumayr’s “ Erdge- 
schichte” utarbetad med sirskild hinsyn till Nordens Urverld. 
Haft 1-3. 8vo. Stockholm, 1888-89. 


——. Nya anmarkningar om Williamsona. 8yo. Stockholm, 
1888. 


——. Zur fossilen Flora Japan’s. 8yvo. Berlin, 1888. 


Neumayer, G. Anleitung et wissenschaftlichen Beobachtungen anf 
Reisen. Bandlu.2. 8vo. Berlin, 1888. Purchased. 


Neumayr, M. Die Stamme des Thierreiches. Wirbellose Thiere. 
Band 1. 8vo. Vienna, 1889. 


New South Wales. Australian Museum. Report of the Trustees 
' for 1887. Ato. Sydney, 1888. 


Newton, E. T. Description of a new Species of Clupea (C. vectensis) 
from Oligocene Strata in the Isle of Wight. S8vo. London, 
1889. 


Notes on Pterodactyls. 8vo. London, 1888. 


On the Skull, Brain, and Auditory Organ of a new Species 
of Pterosaurian (Scaphognathus Purdoni) from the Upper Lias, 
near Whitby, Yorkshire. 4to. London, 1888. 


——. Some Additions to the Vertebrate Fauna of the Norfolk 
“ Preglacial Forest-Bed,” with Description of a New Species of 
Deer (Cervus rectus). 8yo. London, 1889. 


New York. Geological Survey of the State of New York. Palzeon- 
tology. Vol. vi. Corals and Bryozoa from the Lower Helderberg, . 
Upper Helderberg, and Hamilton Groups, by James Hall. Ato. 
Albany, N.Y., 1887. 


: . ——. Vol. vii. Trilobites and other Crustacea of 
the Oriskany, Upper Helderberg, Hamilton, Portage, Chemung, 
and Catskill Groups, by James Hall and J. M. Clarke. With 
Supplement to Vol. y. Part 2. By James Hall. 4to. Albany, 
N-Ys L388: 


New Zealand. Colonial Museum and Geological Survey. Meteoro- 
logical Report, 1885. 8vo. Wellington, 1888. 


Geological Survey. Bulletin, 1888. No.1. Preliminary 
Report on the Earthquakes of September 1888 in the Amuri 
and Marlborough Districts of the South Island. By A. M/*Kay. 
Svo. Wellington, 1888. . 
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New Zealand. Reports on the Mining Industry of New Zealand, 
being Papers laid before Parliament during Session 1888. 4to. 
Wellington, 1888. Presented by the Department of Mines. 


Nicholson, H. Alleyne, and J. #. Marr. On the Occurrence of a 
new Fossiliferous Horizon in the Ordovician Series of the Lake- 
district. Svo. London, 1887. 


Nova Scotia. Depariment of Mines. Report for the year 1888. 
8vo. Halifax, 1889. 


Ghlert, D. P. Brachiopodes du dévonien de Vouest de la France. 
8vo. Angers, 1888. 


Descriptions de quelques espéces dévoniennes du Départe- 
ment dela Mayenne. 8vo. Angers, 1888. 


—. Note sur quelques Pélécypodes dévoniens. S8vo. Paris, 


1888. 


Molluscoides-Brachiopodes. Extrait de Annuaire Géolo- 
gique Universel. 1888. 8vo. Paris, 1838. 


—. Notice nécrologique sur M.de Koninck. 8vo. Paris, 1888. 


Oldham, R. D. A Bibliography of Indian Geology; being a list of 
books and papers relating to the Geology of British India and 
adjoining Countries published previous to the end of a.p. 1887. 
8vo. Calcutta, 1888. 


Olry, A.. See France. 


Ormerod, G. W. Notes on Deep Borings at the Waterworks, and 
in the Trias, at Teignmouth, Devon. 8vo. Plymouth, 1888. 


Page, D. Introductory Text-book of Geology. Revised and in 
great part Rewritten by C. Lapworth. 12th edition. 8vo. 
Edinburgh, 1888. Purchased. 


Paléontologie Francaise. Série 1. Animaux Invertébrés. Ter- 
rain Jurassique. lLivr. 88. Crinoides, par De Loriol. 8vo. 
Paris, 1889. Purchased. 


: = Terrains Tertiaires. lLivr. 15 and 17. 
Eocene, Echinides. Tome i., par G. Cotteau. 8vo. Paris, 
1888-89. Purchased. 


Pavlow, A. Notes sur Vhistoire géologique des oiseaux. 8vo. 
Moscow, 1885. 


Note sur Vhistoire de la faune Kimméridienne de la Russie. 
Svo. Moscow, 1886. 


. Apercu géologique du bassin d’Alatire. (Partie N.W. de la 
feuille 91.) 8vo. St. Petersburg, 18388. 
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Pavlow, A. Types génétiques des formations continentales de 
Vépoque glaciaire et postglaciaire. S8vo. St. Petersburg, 1888. 


Russie d’EKurope. (Extrait de PAnnuaire Géologique Uni- 
versel.) 8vo. Paris, 1888. 


——-. Etudes sur les couches jurassiques et crétacées de la Russie. 
I. 8vo. Moscow, 1889. 


Peck, C. H. Rousdon Observatory, Devon. Vol.3. Meteorological 
Observations for the year 1886. 4to. London, 1887. 


Pennsylvania. Geological Survey. Annual Report for 1886. 
Part mi. 8vo. Harrisburg, 1887; and Atlas, Part ii. Anthra- 
cite Coal-Region. 8vo. 1887. 


—. ——. ——. Partiv. 8vo. Harrisburg, 1887; and 8vo 
Atlas. 

: AA. Atlas. Northern Anthracite Field. Part i. 

8vo. Harrisburg, 1888. 


: . AA. Atlas. Eastern Middle Anthracite Field. 
Part ii. 8vo. Philadelphia, 1888. 


; . AA. Atlas. Western Middle Anthracite Field. 
Part ii. 8vo. Harrisburg, 1887. 


———- 


: C7. Atlas. Bucks and Montgomery Counties. 
8vo. Harrisburg, 1888. 


Pethé, J. Geologische Studien in den noérdlichen Ausliufern des 
Hegyer-Droécsa-Gebirges an dem linken iifer der Weissen Koros. 
Svo. Budapest, 1889. 


Petrik, L. See Prriopicats, &c., Budapest, Kgl. ung. geol. Anstalt. 


Phillips, F. C. The Composition of Fuel; value of Natural Gas. 
8vo. Harrisburg, 1887. 


Ponzi, G., e R. Meli. Molluschi Fossili del Monte Mario presso 
Roma. 4to. Rome, 1887. 


Portugal. Commission des Travaux Géologiques. Description de la 
Fauna Jurassique du Portugal. Mollusques Lamellibranches, par 
Paul Choffat.. Deuxiéme ordre, Asiphonide. 1” et 2° livraisons 
(pp. 37-76, pls. xi_xxx.). 4to. Lisbon, 1887-88. 


Commissao dos Trabalhos Geologicos. Flora Fossil de Por- 
tugal. Monographia do genero Dicranophyllum (Systema Carbo- 
nico) por Wenceslau de Lima. 4to. Lisbon, 1888. 


Commission des Travaua Géologiques. Recueil d'Etudes 
Paléontologiques sur la Faune Crétacique du Portugal. Vol. u. 
Description des Echinodermes par P. de Loriol. Second Fasci- 
cule. 4to. Lisbon, 1888. 
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Posewitz, T. Borneo. 8vo. Berlin, 1889. Purchased. 


Prestwich, J. On the Occurrence of Paleolithic Flint Implements 
in the neighbourhood of Ightham, Kent, their distribution and 
probable age. 8vo. London, 1889. 


Queensland. Report on the Geological Features of the Mackay 
District, by Robert L. Jack, Government Geologist. 4to. Bris- 
bane, 1887. 


Report by Robert L. Jack, Government Geologist, on the 
Geology of the Russell River. 4to. Brisbane, 1888. 


Report of Robert L. Jack, Government Geologist, upon Coal 
Discoveries on the Flinders. 4to. Brisbane, 1888. 


Second Report of Lobert L. Jack, Government Geologist, on 
the Mount-Morgan Gold-Deposits. 4to. Brisbane, 1889. 


Quenstedt, F. A. Die Ammoniten des schwibischen Jura. Hefte 
18-21. 8yvo. Stuttgart, 1888; and Atlas 4to. Purchased. 


Reade, T. Mellard. Some Notes on the Geology of St. David’s, Pem- 
brekeshire; also Notes on a large Boulder found in driving a 


Sewer-heading in Oxford Road, Manchester. 8vo. Liverpool, 
1888, 


A consideration of the Effects of Contraction during the 
Cooling of Intrusive Masses of Granite and the Cause of their 
Solid Continuity. 8vo. London, 1889. 


Physical Theories of the Earth in relation to Mountain 
Formation. 8vo. Minneapolis, 1889. 


eid, C. Notes on the Geological History of the Recent Flora of 
Britain. S8vo. London, 1888. 


henevier, E. Congrés Géologique International de Londres en Sep- 
tembre 1888. 8vo. London, 1888. 


Reusch, Hans. Bommeléen og Karméen med omgivelser geologisk 
beskrevne. 8vo. Christiania, 1888. Presented by the Christiana 
University. 


—. ——. —. Presented by W. Whitaker, Hsq., FRS., 
NGS. 

fiacketts, C. On some Physical Changes in the Earth’s Crust. 8vo. 
London, 1889. 


Rosenbusch, H, Hilfstabellen zur mikroskopischen mineralbestim- 
mung in Gesteinen. 4to. Stuttgart, 1888. 


Rosenbusch, H. Microscopical Physiography of the Rock-making 
Minerals. Translated and abridged by J. P. Iddings. 8vo. 
London, 1888. Purchased. 
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Roumania. Biuroulu Geologecu. Annarulu. Anulii. 1885. No.1. 
8vo. Bucharest, 1&88. 


==, =~, Annarulu: Anuly. No.l. 1887, 8vo. \Bucharesis 
1888. 


Russia. Comité Géologique. Bulletins. 1887. Tomevi. Nos. 
11&12. 8vo. St. Petersburg, 1887-88. 


. . ——., 1888. Tome vi. Nos. 1-5. Sve se 
Petersburg, 1888. 


: . ——. Supplément au Tome vii.  Bibliothéque 
Géologique de la Russie, 1887, composée sous la rédaction de S. 
Nikitin. 8vo. St. Petersburg, 1888. 


: Mémoires. Vol. v. No. 2. les Vestiges de la 
Période Crétacée dans la Russie Centrale, par 8. Nikitin. Ato. 
St. Petersburg, 1888. 


Vol.v. No.3. Céphalopodes de la section 
supérieure ‘du Calcaire Carbonifére de la Russie Centrale par M. 
Tzwetaev. 4to. St. Petersburg, 1838. 


: Vol. v. No. 4. Anthozoen und Bryozoen 
des oberen mittelrussischen Kohlenkalks von A. Stuckenberg. 
Ato. St. Petersburg, 1888. 


lichen Ural- Abhange in dem Gebieten von Tscherdyn und Ssoli- 
kamsk yon P. Krotow, Lief. lu. 2. Ato. St. Petersburg, 1888. 


: Vol. vii. No.1. Carte Géologique Générale 
de la Russie, Feuille 92. Saratov-Pensa, par 8. Sintzov. A4to. 
St. Petersburg, 1888. 


—- — 


: Vol. vii. No. 2. La Région Transvolgi- 
enne de la feuille $2 de la Carte Géologique Générale de la Russie 
par 8S. Nikitin et P. Ossoskov. 4to. St. Petersburg, 1888. 


Russow, H. See Prertopicars, Dorpat. 


Riutvmeyer, L. Ueber einige Beziehungen zwischen den Siugethier- 
stammen alter und neuer Welt. Erster Nachtrag zu der Kocinen 
Fauna von Egerkingen. 4to. Zurich, 1888. 


Zu der Frage tiber das Torschwein und das Torfrind. 8vo. 
Berlin, 1889. 


Rutley, F. Rock-forming Minerals. 8yvo. London, 1888. 


Rutot, A., #. Van den Broeck, et C. Aubry. Rapport de la déléga- 
tion de la Société Belge de Géologie, de Paléontologie et d’Hydro- 
logie envoyée 4 Solwaster pour y constater le degré d’authenticité 
de découvertes de mégalithes. 8vo. Brussels, 1888. 


Vol. vi. Geologische Forschungen am west- ~ 
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Sampson, F. A. Notes on the Subcarboniferous Series at Sedalia, 
Mo.; with Description of two New Species of Carboniferous Tri- 
lobites, by A. W. Vogdes. 8vo. New York, 1888. 


Saxony. Geologische Landesuntersuchung des Kénigreichs Sachsen. 
Erlaiuterungen zur geologische Specialkarte. Bliatt.’7 u. 8, 14, 15, 
18, 19, 20, 64,101. 8vo. Leipzig, 1888. 


Scotland. Geological Survey. Memoirs. Explanation of Sheet 37. 
8vo. Edinburgh. 1886. 


—. ——. ——. Explanationof Sheet97. 8vo. Edinburgh, 
1882. 


Scudder, S. H. Fossil Butterflies. 4to. 1889. 


Seeley, H. G. London Geological Field Class: Hxcursions for the 
study of the country round London, under the direction of Prof. 
H. G. Seeley, F.R.S., during the summer of 1888. Reported by 
Members of the Class. 8vo. London, 1889. 


Researches on the structure, organization, and classification 
of the Fossil Reptilia~—V. On Associated Bones of a small 
Anomodont Reptile, Keirognathus cordylus (Seeley), showing the 
Relative Dimensions of the Anterior Parts of the Skeleton, and 
Structure of the Fore-limb and Shoulder Girdle. 4to. London, 
1888. 


Sherborn, C. Davies. A Bibliography of the Foraminifera, recent 
and fossil, from 1565-1888 ; with notes explanatory of some of 
the rare and little-known publications. S8yvo. London, 1888. 


Note on Webbina wrregularis, d’Orb. ; from the Oxford Clay 
at Weymouth. 8vo. Bath, 1888. 


——. On a Limestone with Concentric Structure from Kulu, North 
India. S8vo. London, 1888. 


Shore, T. W., and J. W. Elwes. The New Dock Excavation at 
Southampton. S8vo. ?Southampton, 1889. 


Simony, F. Das Dachsteingebiet. Heft 1. 4to. Vienna, 1889. 
Purchased. 


Skinner, W. R. The Mining Manual for 1888. 8vo. London, 
1889. 


Smith, George. Stephen Hislop: Pioneer Missionary and Naturalist 
in Central India from 1844 to 1863. 8vo. London, 1888. 


Somervail, A. Notes on the Archean Gneiss of Ross and Suther- 
land. 8vo. EHdinburgh, 1886 ? 


The Physiography of Torquay: the Geological Structure and 
Origin of its Hills and Valleys. 8vo. Plymouth, 1886. 
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Somervail, A. On the metamorphic and associated Rocks of the 
extreme south of Devonshire. Parts 1 & 2. 8vo. Plymouth, 
1887 & 1888. 


South Australia. Report on a Journey from Adelaide to Hale River, 
by H. Y. L. Brown, Government Geologist. 4to. Adelaide, 
1889. 


Spain. Comisi6n del Mapa Geolégico de Espaiia. Boletin. Tomo xiv. 
1887. 


: Memorias. Descripcion fisica, geologica y minera 
de la Provincia de Huelva por J. Gonzalo y Tarin. Tomo 1 & 2. 
8vo. Madrid, 1886 & 1887. 


Spencer, J. W. Notes on the origin and history of the Great Lakes 
of North America. 8vo. Salem, 1889. 


——. OnGlacial Erosion. 8vo. Minneapolis, 1889. 


Stapf, F. WM. Das < glaziale’ Dwykakonglomerat Siidafrikas. 8vo. 
Berlin, 1889. 


Steenstrup, J. Mammuthjeger-Stationen ved Predmost, i det Os- 
terrigske Kronland Mihren, efter et Beség der i Juni—Juli, 1888. 
Svo. Copenhagen, 1889. 


Steinmann, G., und L. Doderlein. Elemente der Paliontologie. 
Halfte 1. Evertebrata (Protozoa—Gastropoda). 8vo. Leipzig, 
1888. 


Suess, E. Das Antlitz der Erde. 2 vols. 8vo. Vienna, 1885 & 
1888. Purchased. 


Switzerland. Commission Géologique Suisse. Beitraige zur geolo- 
gischen Karte der Schweiz. Lief. 24. -Vierter Theil. Das Aar- 
massiv (Mittlerer Theil) nebst einem Abschnitt des Gotthard- 
massivs enthalten auf Blatt xii. von A. Baltzer. 4to. Bern, 
1888. 


Symons, G. J. See Pertopicats, Royal Society. 


Szabo, J. Wirkungen der Eis-Zeit in Ungarn. (A jégkorszak 
hatdsa Magyarorszagban.) Svo. Temesvar, 1888. Presented by 
C. D. Sherborn, Esq., F.GS. 


Thomas, A. P. W. Report on the Eruption of Tarawera and Roto- 
mahana, N.Z. 8vo. Wellington, 1888. 


Thompson, Beeby. The Middle Lias of Northamptonshire. 8vo. 
London, 1889. 


Thompson, B.,and T. J. George. A Catalogue of the Geological 
Collection in the Northampton Museum. PartsI—III. 8vo. 
Northampton, 1884-85. Presented by W. Whitaker, Esq., P._RS., 
F.G.S. 
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Thomson, James. On the detection of Mural Pores in the Genus 
Alveolites. 8vo. Glasgow, 1889. 


Tietze, E. Die geognostischen Verhiltnisse der Gegend von Krakau. 
Svo. Vienna, 1888, and Atlas. Purchased. 


Topley, W. Report of the Committee appointed for the purpose of 
inquiring into the Rate of Erosion of the Sea-coasts of England 
and Wales, and the Influence of the Artificial Abstraction of 
Shingle or other material in that Action. 8vo. London, 1889. 


Toula, Franz. Die Steinkohlen, ihre Eigenschaften, Vorkommen, 
Entstehung und national-dkonomische Bedeutung. 8vo. Vienna, 
1888. Purchased. 


Toula, Ff. Geologisches Profil des Schwarzenberggrabens bei 
Scheibbs in Niederdsterreich. 8vo. Vienna, 1888. 


——. Ueber Aspidura Raiblana, nov. sp. 8vo. Vienna, 1888. 


Geologische Untersuchungen im centralen Balkan. 4to. 
Vienna, 1889. 


Trautmann, EK. See France. 


Tschermak, G. Lehrbuch der Mineralogie. 3° Auflage. 8vo. 
Vienna, 1889. Purchased. 


United States. Geological Survey. Bulletin. Nos. 40-47. 8vo. 
Washington, 1887-88. 


——. Mineral Resources of the United States. Calendar, 
year 1887 (D. T. Day, Chief of Division of Mining Statistics and 
Technology). 8vo. Washington, 1838. 


Monographs. Vol. xii. Geology and Mining In- 
dustry of Leadville, Colorado, by 8. F. Emmons. 4to. Washing- 
ton, 1886. Atlas. Fol. 1883. 


_—_-. 


Geological Survey of Nebraska and portions of the adjacent 
Territories, by F. V. Hayden. 8vo. Washington, 1871. Pre- 
sented by W. Whitaker, Hsq., FAS. LGN, 


Van den Broeck, k. Note sur un nouveau gisement de la Terebra- 
tula grandis, Blum., avec une carte de extension primitive des 
dépots pliocénes marins en Belgique. S8vo. Brussels, 1887. 


Note préliminaire sur l’origine probable du Limon Hesbayen 
ou limon non stratifié homogéne. S8vo. Brussels, 1887. 


—. Les Eaux minérales de Spa. S8vo. Brussels, 1888. 


——. A propos du réle de la géologie dans les travaux d’intérét 
public. 8vo. Brussels, 1888. 
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Van den Broeck, E., et A. Rutot. Etude géologique et hydrologique 
des galeries a eaux alimentaires de la ville de Liége. 8vo. 
Brussels, 1888. 


De V’extension des sédiments tongriens sur les plateaux du 
Condroz et de l’Ardenne et du réle géologique des vallées d’effondre- 
ment dans les régions 4 zones calcaires de la Haute Belgique. 8vo. 
Brussels, 1888. 


——. See Rutot, A. 


Victoria. Annual Report of the Secretary for Mines and Water 
Supply to the Honourable Duncan Gillies, M.P., Minister of Mines 
for Victoria, on the working of the Regulation and Inspection of 
the Mines and Mining Machinery Act during the year 1887. Ato. 
Melbourne, 1888. 


——. Gold-Fields. Reports of the Mining Registrars for the 
quarter ended 30th June, 1888. 4to. Melbourne, 1888. Pre- 
sented by the Minster of Mines for Victoria. 


——. —-—. Reports of the Mining Registrars for the quarter 
ended 30th September, 1888. 4to. Melbourne, 1889. Presented 
by the Minister of Mines for Victoria. 


Reports of the Mining Registrars for the quarter 
ed 31st December, 1888. 4to. ‘tenance. 1889. Presented 
by the Minister of Mines for Victoria. 


Mineral Statistics of Victoria for the year 1887. 4to. Mel- 
bourne, 1888. Presented by the Munster of Mines for Victoria. 


Natural History of Victoria. Prodromus of the Zoology of 
Victoria; or Figures and Descriptions of the living species of all 
classes of the Victorian Indigenous Animals. Decades xvi. and 
xvil. By Frederick M*Coy. 8vo. Melbourne, 1888. Presented 
by the Department for the Public Inbrary, Museums, and National 
Gallery of Victoria. 


Vine, G. R. Notes on Classification of Cyclostomatous Polyzoa, 
old and new. 8vo. Leeds, 1887. 


Notes on the Polyzoa and other organisms from the Gayton 
Boring, Northamptonshire. 8vo. Northampton, 1887. 


. Notes on the Classification of the Palzozoic Polyzoa. S8vo. 
Leeds, 1888. 


Notes on the Polyzoa of Caen and Ranville now preserved 
in the Northampton Museum. 8vo. Northampton, 1888. 


Vogdes, A. W. See Sampson, F. A. 


Vom Rath, Gerhard. Hine Lebensskizze. Vortrag von H. Laspeyres. 
Syo. Bonn, 1888. 
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Wdahner, F. Beitrige zur Kenntniss der tieferen Zonen des unteren 
Lias in den nordéstlichen Alpen. 4to. Vienna, 1888. 

Walker, H. Underground Bayswater; its Rivers, Seas, and Wells. 
Newspaper slip. London, 1888. Presented by W. Whitaker, 
His. Hi. Ly Sey LGN. 


Walker, J. F. Communications from the Yorkshire Philosophical 
Society’s Report, 1888. 8vo. York, 1889. 


Walther, J. Die Korallenriffe der Sinaihalbinsel. Geologische und 
biologische Beobachtungen. 8vo. Leipzig, 1888. Purchased. 


Weihrauch. See Prrtopicats, Dorpat. 
Welwitsch. See Choffat, P. 


Wenckenbach, Fr. Beschreibung des Bergreviers Weilberg. 8vo. 
Bonn, 1879. Purchased. 


Westlake, H. Tabular Index to the Upper Cretaceous Fossils of 
England and Ireland. 4to. Fordingbridge, 1888. 


Whitaker, W., and W. W. Watts. List of Works on the Geology, 


Mineralogy, and Paleontology of Shropshire, 1712-87. 8vo. 
Oswestry, 1889. 


Whitney, J. D. The United States: Facts and Figures illustrating 
the Physical Geography of the country and its material resources. 
Svo. Boston, 1889. 


Wilkins, C. The South Wales Coal Trade and its allied industries, 
from the earliest days to the present time. S8vo. Cardiff, 1888. 


Willkams, H.S. On the different types of the Devonian System in 
North America. S8vo. New Haven, 1888. 


Wiltshire, T. The Past and Present of British Trade and Edu- 
cation. S8yo. London, 1888. 


Winwood, H. H. Geology of the Bath District. 8vo. Bath, 1888. 
(With Geological Map by H. B. Woodward.) 


; Winwood, H. H. Handbook to the Geological Museum, Bath. Svo. 
Bath, 1888. Presented by H. B. Woodward, Hsq., F.GS. 


Wolf, G. Beschreibung des Bergreviers Hamm an der Sieg. S8vo. 
Bonn, 1885. Purchased. 


Woodward, A. Smith. Papers on the Paleontology of Reptilia and 
Pisces, 1885-88. (Tracts.) 8vo. London, 1885-88. 


Woodward, H., and 7. Rupert Jones. Some Devonian and Silurian 
Fossils of North America, by James Hall and J. M. Clarke. 
(Review.) 8vo. London, 1888. 


Woodward, H. B. ‘The Geology of England and Wales. 2nd 
edition. 8vo. London, 1887. (Library Copy.) 
VOL. XLY. qd 
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Woodward, H.B. The Relations of the Great Oolite to the Forest 
Marble and Fuller’s Earth in the South-west of England. 8vo. 
London. 


Note on the Portland Sands of Swindon and elsewhere. 
Svo. London. 


——. Further Note on the Midford Sands. 8vo. London. 
Worth, R. N. The Cattedown Bone-Cave. 8vo. Plymouth, 1888. 


——. The Limestones of the Plymouth District. 8yo. Plymouth, 
1888, 


Wright, A. G. On the Discovery of Palzolithic Implements in 
the neighbourhood of Kennet, Cambridgeshire. 4to. Malvern?, 
1889, 


Wyrouboff, G. Manuel Pratique de Crystallographie. 8vo. Paris, 
1889. Purchased. 


Zeiller, R. On the Tracts of Insects resembling the Impressions of 
Plants. Translated by J. /. James. 8vo. Cincinnati, 1885. 


Zigno, Baron A. de. Sur une nouvelle espéce fossile de Myliobates. 
8vo. Berlin, 1888. 


Cenni sulle condizioni geologiche ed idrografiche del bacino 
acquifero di Due Ville in provincia di Vicenza. 8yo. Padova, 
1888. 


——. Quelques observations sur les Siréniens fossiles. S8vo. Paris, 


——. Biografia di Bartolomeo Gastaldi. 4to. Milan, 1887? 


Zittel, K. A. Handbuch der Paleontologie. 1 Abtheilung. Palzo- 
zoologie. Band ui. Lief. 2. 8vo. Munich, 1888. Purchased. 


é 2 Abtheilung. Paleophytologie. Lief.6. Dicotyle, 
bearbeitet von A. Schenk. S8vo. Munich, 1888. Purchased. 


Zsigmondy, W. Mittheilungen tuber die Bohrthermen zu Harkdnn, 
- auf der Margaretheninsel nachst Ofen und zu Lippik, und den 
Bohrbrunnen zu Alestth. 8&vo. Pest, 1873. 


3. Mars &e. 
Names of Donors in Italics. 
Finland. Finlands Geologiska Undersokning. Nos. 10 & 11. 
BDV0U 
France. Dépét de la Marine. 22 charts and plans of various 
coasts &e. 
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France. Carte géologique détaillée de la France. Sheets 24, 29, 
48, 52, 107, 182, 133, 139, 146, 174, 166, 202, 203, 210, 
214, 215, 999, Seale st adinnxel 


80000° 


Carte Géologique de la France, par G. Vasseur et L. Carez. 
Scale 1: 500,000. Sheets 7, N.E.,S.E.; 4, SE., N.W., S.W.; 
Ae. ©, N.W., S:W.5..0, .E., N.E.,3S:W.c LO, NewWee 
S.W.; 138, N.W. Purchased. 


Geological Congress. Carte géologique internationale de Europe. 
Feuille 24 (C. iv.). Echelle 1: 1500,000. 1888. (Proof), also 
Gamme des couleurs. 


A Photograph of a group of Members of the International 
Geological Congress, taken during the visit to North Wales, 
September 1888. Presented by Dr. H. Hicks, F.BS., F.GS. 


Geological Survey of Great Britain. 


England and Wales. One-inch Maps. Nos. 6*, 62 S.E., 63* 
S.W., 79 N.E., N.W., S.E., 83, 91 N.E., 93 S.E., 94 N.W., 
Save oS NOE, 104 S.We 110 NW., NE S.W. ( =aew 
editions. ) 


. Drift. Nos. 6, 47, 65, 66 N.W., 68 S.W., 69, 
79 N.W.. N.E., 8.E., 91 N.E., 98 N.E., 110 N.W. N.E., S.W. 


a Horizontal Sections. ae A9*, 51%, 124, 129, 140, 146. 
Vertical Sections. Nos. 70, 71, 72, 78, 74, 75, 76. 


Treland. One-inch Map. Nos. 7, 8, 12, 18, 14, 18, 19, 24, 25, 
26, 32, 33, 42, 43, 44, 45, 46, 55, 56, 57. 


——,_ Horizontal Section. Nos. 25, 26. 


Scotland. One-inch _Map. NOs: OD IOS lyy eZ Se), Ais 29) 
57, BAG Otis (os ill eg SDS OT, 113. 


===, Horizontal Section. No. 9. 


Italy. &. Ufficio Geologico. Carta geologica della Campagna 
Romana e Regioni limitrofe, in 6 fogli ed una tavola di sezioni. 
Scala apyoay- ~=Rome, 1888. 


Carta geologico-mineraria dell’ Iglesiente (Sardegna) 
nella scala di 1a 50,00U rilevata sro Ingegneri del R. Corpo 
delle miniere G. Testore, G. Zoppi, A _ Lambert, e P. Defermaix 
Svo. Rome, 1888. 


Japan. Imperial Geological Survey (Noshomusho). Reconnaissance 
ae Geological Division, II. TVOVO: In 6 sheets. Tokyo, 


—. ——. Sheet Mito (zoneii., col.18). Scalesp4j57- 1888. 


——. Sheets Tokio (zone x., col. 12); Koruw (zonensx 
col. A); WNaeane (zone xii., col. 11); Ueda (zone xi:, col. 11); 


Scale syqa00- 
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Japan. Views and Plans of Bandai Mountain before and after the 
Eruption. Sheet. 18388. 


Jeppe, F. Map of the Transvaal, or 8.A. Republic, and surrounding 
Territories. Scale 1: 1,000,000, or 15°78 miles to the inch. 
Pretoria, 1889. 


Liversidge, A. Map of the Minerals of New South Wales, &e. 
1888, with a list of localities. 1888. 


Lyman, B. Smith, aided. by A. P. Brown and J.S. Elverson. A 
Geological and Topographical Map of the New Boston and Morea 
Coal-Lands in Schuylkill County, Penn’a. Scale 400 feet to an 
inch, or 1:4800. 1889. 


New Jersey. Geological Survey (G. H. Cook, State Geologist). The 
State Map of New Jersey. Scale 5 miles to 1 inch. 


The Relief-Map of the State of New Jersey. Scale 
5 miles to 1 inch. (This is the last of the sheets composing‘ The | 
Atlas of New Jersey.’) 


Norway.  Geologiscke Undersdgelse. Kartblatt 15a and 26. 


To0000" 
Ordnance Survey. 
One-inch General Maps. England and Wales, N.S. 11 Quarter- - 
sheets. 
——, Ireland. 3 Quarter-sheets. 
——, Scotland. 5 Sheets; 47 Quarter-sheets. 


Six-inch County Maps. 5 Sheets; 1266 Quarter-sheets. 
Presented by H.M. Government. 


Prussia. Konig]. Oberbergamte. Karte der Lagerstatten nutzbarer 
Mineralien in der Umgegend yon Bensberg und Runderoth um- 
fassend Theile der Bergreviere Deutz, Riinderoth und Brihl-Unkel, 
bearbeitet von A. Schneider. Scale 1: 20,000. Fol. Bonn. 
Purchased. . 


Roumania. Biuroulu Geologic. Harta geologica generala a Ro- 
maniei. Sheets 15-19. 


Russia. Oomité Géologique. Carte Géologique Générale de la 
Russie. Feuille 92. zagbq7- 1887. 


Saxony. Gcologische Landesuntersuchung des Konigrechs Sachsen. 
Geologische Specialkarte. Blatt. 7 u. 8, 14, 15, 18, 19, 20, 64, 
101. szdpy- 1888. 


Soldani, A. Copy of a Portrait of. Presented by C. Davies Sher- 
born, Esq., L.GS. ? 


Strickland. Lithographic Portrait of Hugh E. Strickland. Presented 
by H. B. Woodward, Esq., F.GS. 
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Whitehouse, Cope. Map of the Raiyan Depression. jy 7ous-: 


1888. 

Woodward, H. B. Geological Map of the Country around Bath. 
Scale 1 inch = 2 miles. Birmingham, 1888. 

World on the Projection of Col. A. C. Hamilton, R.H. London, 
1889. 

——. Showing the Distribution of Animals in Zoogeographical 

Regions after A. R. Wallace. London, 1889. 


II. ADDITIONS TO THE MUSEUM. 
A Collection of Auriferous Rock-specimens from the Transvaal, 
South Africa, presented by A. Woodhouse, Esq., F.G.S. 


Two Slides of Radiolaria from the London Clay of the Isle of 
Skeppey, presented by W. H. Shrubsole, Esq., F.G.S. 


Fourteen Specimens from the De Kaap Gold-Fields, presented by 
R. H. Scaddan, Esq. 
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